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ON THE MINIMUM SUFFICIENT SAMPLE SIZE FOR THE GROWTH STUDIES Of FISH 

POPULATIONS 


Lubomfr HANEL*> 

Management of Protected landscape Area Blanik. Lou6ovice 8, CS - 237 06 


SHt t r a c I . Minimum sufficient samples si/e for growth studies of virtual populations of fish under 
itat k-curacy levels arc discussed in this paper. Values of minimum sufficient samples at different age 
pjr«at the roach (RuMus ruufus) from 2nd to 5th age group, the perch (Perea fluviauki) from 2nd to 5lh 
ipjtiup. the ruffe (Gymnocphsilui cemuus) from 1st to 4th age group and the pike (£wr Indus) from 
3rtid 4th age groups together, are given. 


INTRODUCTION 

In growth studies of fish populations, the si/c of the minimum representative 
apples is of great importance. First, according to the sufficient material of a particular 
spxs ihe size of the sample can be defined and used as a starting point in further 
research, second, it is possible to check retrospectively if the material studied for a 
itnan work has been sufficient as regards its siz,e. The problem of the minimal 
5»f4e, elaborated satisfactorily in statistics, has been also solved in concrete examples. 

In fish populations, this problem has been tackled by M i £ f k (1962) for the 
bio (Abromis brama ), by LibosvArsk? (1968) for the brown trout (Salmo 
W: m. fario) and Wohlgemuth (1984) for (he bleak (Albumus albumus ). The 
(termination of the minimum sufficient sample has also been dealt in some 
femchological, ornithological and mammaliological papers, e.g. Davison (1940), 
Kars ch gen (1948), Hanson and Graybill (1956), Kratochvfl et 
d [1959), S I d d e k (1975), Obr tel and HoliSovd (1977), Roth and R 
ib 1987). 


'Home addre«: Dr. Luhnmii Hand, PhD. 25 7 62 KUdruhy M, C/cchovlovakia 
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MATERIAL AND METHODS 


For the analysis proper, four fish species bsvt been selected representing the ti?e composition or our 
ichthyofauna. Most of material of fishes under study was obtained by the use of nets in the Slapy reservoir 
(Central Bohemia) during 1985 - 87. The number of individuals in separated age groups was as follows; the 
roach (2nd AG 459 sp., 3rd AG 381 sp., 4th AC. 2rt> cp., 5th AC. 219 sp.). the perch (2nd AG 379 sp., 3rd 
AG 273 sp., 4th AG 182 sp . 5th AG 74 sp.), the rufTe (1st AG 220 sp., 2nd AG 268 sp., 3rd AG 508 sp., 4th 
AG 193 sp.). Besides the sample of the pike (3rd AG 97 sp., 4th AG 58 sp). angled in rivers Vltava and 
Berounka (Central Bohemia) during 1953 - 88 was also used to this study-. 
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Fig. 1. Illustration of lowering of standard error of the mean (s^, flJ ) depended oa increasing of 
randomly selected samples (np at Ihe perch, 4.AG (s^ l0 ^ = 4.27. = 3.01, s^ T j ■ 2-M. * 1-28. 

Abscissa - number of randomly selected specimens, ordinate - the change of s- in pc: tent of the value 

^ 10 ). 


To specify the minimum sample ot the population, the characteristic used was the body length of the 
fish (see Table I). In Table 2, an trample of the decrease of the value S; (standard error of the mean) 
parallel with the increase in Ihe size of a randomly selected sample is shown, represented by the roach of 
the age 2nd AG. From the values n p and sj obtained (see Table 1), an erponenlial equation was calculated. 
The same procedure was applied in the case of all the kinds studied and their individual age groups (see 
Table 3). An example of the curve obtained (perth of Ihe age 4th AG) is shown in the graph. Here also the 
method of reading off the size of Ihe minimum sufficient sample is evident The value corresponding 
to a randomly selected sample of 10 individuals, was taken as the base. Funhemcre, the sire of the 
minimum sample was read from the graph, corresponding to the decrease of the value s^ 10 j by 30. 50 and 
70 per cent (sec Table 4). With regard to the fact that the equations calculated are, actually, also estimates, 
extreme values found (minimum and maiimum) were eliminated from funher calculations (in Table 4 this 
relates to the figures in brackets) From the remaining values, the average sire of the minimum sample has 
been calculated and rounded off corresponding to the decrease of the value s^,^ by 30 ,50 and 71} per cent 
(sec Table 4). 
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RESULTS AND DISCUSSION 


The results found arc summarized in Tables 3 and 4. Without regard to the age and 
species of the fish studied, rounded-off average values of minimum samples 
corresponding to the decrease of the value s^| 0 j by 30 (20 individuals), 50 (40 
individuals) and 70 (120 individuals) per cent were established. The sample 
corresponding to the decrease of by 70 per cent may be considered as satisfactory, 
because a further increase of the minimum sample by 100 individuals represents a 
further decrease of the value in perch only by 4.5 - 12.9 (avg. 8.2), in roach by 7.7 - 
13.9 (avg. 10.7), in ruffe by 5.7 • 7.7 (avg. 6.9), and pike by 8.7 per cent. 


'table L Statistical chanctceinkx of total sample*. «t examined ftihes (S - arithmetical mean, s - standard 
deviation, s- ( - standard error of the mean, n ( - total number of individuals. AO • age group, BL - ranges of 
body 1cright In mm) 


Species 

n, 

AG 

HI, 

X 

& 


Rutiius miiius 

459 

2 

90-210 

131.0 

20.17 

0.94 


381 

3 

91 - 232 

183.3 

24.40 

1.25 


260 

4 

111-240 

202.3 

18.30 

1.14 


219 

s 

145 - 255 

2098 

2280 

134 

Perea ftuviadtis 

379 

2 

97-175 

126.8 

1J -53 

059 


273 

3 

115-390 

144.9 

15-559 

0.94 


182 

4 

130-210 

170.4 

15.3? 

1.34 

Gynwocephahu 

74 

5 

150 - 230 

184.1 

15.38 

1.79 

cemuus 

220 

I 

52-85 

64.9 

6.46 

0.44 


568 

2 

60-95 

76.9 

6.62 

0.28 


508 

3 

70-111 

85.0 

6.75 

0.29 


193 

4 

70-115 

921 

7.26 

0-52 

Esax lucius 

155 

3.4 

380-690 

489.5 

60.40 

4.85 


When sludying the bleak from the Brno riverine lake (n = 221, from 2nd to 5lh AG) 
Wohlgeni uth (1984) stated the minimum sufficient sample of 50 specimens while 
following the total length of the fish and determining the sufficient sample only from 
the course of the curve, which was nof expressed by the use of the equation. His paper, 
however, docs not include the ranges of the length of the fish measured. If this 
evaluation was based on the own criterion from by me asscscs curve (y = 25.69 . x^- 53 ), 
it is possible to obtain the values for 20 individuals (the lowering of Sj/ l0 j about 30 %), 
3 8 individuals (/he lowering about 50 %) and 100 individuals (flic lowering of s- 
(IC) about 70 %). 
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Libosvdrsk? (1968) has studied from this point of view tlie age classes II and 
III at the brown trout from the LouCka creek. He has found from the curve (not 
expressed by the use of equation) correlating the standard error of (he mean and the 
number of individuals in the sample it can be gathered that the sample counting 30 to 
40 individuals can be regarded as sufficient in the age class II and II separately. 

Table 2. Illustration of the dependence of Ihc standard error of the mean (s^) on the number of individual! 
(np) of the roach (2-AG) randomly selected from the total sample (n, ■ 459); x • arithmetical mean, I - 


standard deviation 

n 

i 

* 


2 

127.5 

3.5 

2.5 

3 

143.3 

30.6 

17.6 

4 

148.0 

19.2 

9.6 

5 

130 6 

30.9 

13.8 

10 

130.1 

20.9 

6.6 

15 

134.0 

15.8 

4.1 

20 

126.3 

25.7 

58 

25 

133.1 

27.3 

53 

30 

134.0 

19.6 

3.6 

35 

1366 

211 

3.6 

40 

132.8 

22.6 

33 

45 

137.7 

23.6 

33 

50 

1366 

218 

3.1 

60 

1310 

20.9 

2.7 

70 

134.2 

21.8 

2.6 

80 

134.7 

208 

2.3 

M 

138.6 

21.6 

2.2 

100 

134.6 

22.1 

2.2 

150 

134.2 

20.8 

1.7 

200 

1388 

22.6 

1.6 

250 

132.4 

21.3 

1.4 

300 

136.1 

21.2 

1.2 

350 

130.6 

19.9 

1.1 

400 

1320 

20.7 

1.0 

459 

131.0 

20.2 

0.9 


Besides I have compared hypothetical samples characterized with the identical value 
and number of individuals, but with different averages (the difference 5 nim, 10 mm 
and 15 nun). L have used for the calculation own equation corresponding to the roach 
at the age 3 (see Tahk 3). T-test was used for the statistical comparison. 1 have not 
found the significant difference (P > 0.05) nor by the use of 350 individuals, when ihe 
difference between sample average was only 5 mm. When the difference between 
sample averages was 10 mm, the significant (difference P < 0.05) was confirmed at the 
sample n = 30, high significant difference (P < 0.01) was confirmed at the sample size 
of 200 individuals. In the case of difference 15 mm between sample averages compa- 
red, the significant difference (P < 0.05) was found already at the sample n = 10, high 
significant difference (P < 0.01) was confirmed at the sample of 30 individuals. 






Tabic 3. Parameter* of exponential equation* illustrating dependence of the standard error of the moan 
on the number of individuals in randomly selected samples (n, - total number of individuals, r • correlation 
coefficient) 


Species 

n . 

AG 

a 

b 

r 

Ruiilus ruiilus 

459 

2 

21.04 

- 0.4*61 

-0 981 


381 

3 

20.58 

-0.4709 

- 0.966 


260 

4 

45.24 

•03574 

- 0.996 

Pe/ca JluvLuilis 

379 

2 

13.31 

-03407 

-0 992 


273 

3 

10.11 

- 0.4069 

- 0.955 


182 

4 

11.93 

- 0.4459 

-0.998 

Gymnocephalus 

74 

5 

28.07 

- 0.6244 

-0.9*9 

cemuus 

220 

1 

5.M 

-0.47*1 

- 0.974 


568 

2 

631 

-0.4934 

-0.995 


508 

3 

4.76 

-0.4402 

- 0.965 


J93 

4 

6.45 

-0.4679 

-0.992 

Exox tucius 

155 

3,4 

63.34 

-03047 

-0.997 


Table 4. Minimum sufficient samples size necessary to the lowering of the value of standard error of the 
mean (s^ (0 j) about 30 %, 50% and 70% (n ( - lotal number of individuals, AG • age group). 


Species 

nt 

AG 

lowering 
about 30% 

lowering 

about 50% 

lowering 
about 70% 

Ruiilus ruiilus 

459 

2 

21 ind 

42 ind. 

120 ind 


381 

3 

21 

43 

130 


260 

4 

(17) 

(29) 

(63) 


260 

5 

20 

35 

90 

Perea fluviotilis 

379 

2 

19 

36 

92 


273 

3 

(24) 

(56) 

(190) 


182 

4 

22 

47 

150 


74 

5 

18 

30 

70 

Gymnocephalus 






conus 

220 

1 

2! 

42 

130 


568 

2 

20 

40 

no 


5CS 

3 

23 

49 

150 


193 

4 

22 

45 

130 

Esox Iuclis 

153 

3.4 

20 

39 

no 

total average 






without extreme 



21 

41 

117 

values (in brackets) 
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SUMMARY 


In the present paper the problem of the minimum sufficient sample for the growth 
studies of fish population was discussed in application to actual populations of the 
perch, the roach, the ruffe and the pike. When examining the variability in the body 
length of the fish of the same age, the minimum samples were stated from the curves of 
the dependence between the increase of the size of a random sample and the 
corresponding decrease of s^ 10) (standard error of the mean). As the base, the value of 
Sx(jO) corresponding to a randomly caught sample of 10 individuals was taken. The 
average and rounded-off minimum sample necessary for the decrease of the value 
5 i(l0) by 30 per cent represented, without regard to the species and age of the fish 
studied, 20 individuals, while for the decrease by 50 per cent a sample of 40 individuals 
and by 70 per cent that of 120 individuals, respectively, was necessary. Analogous values 
arc to be supposed to exist also in the other spcdcs of our fish. 
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LENGTH AND WEIGHT GROWTH OF THE PIKE, F-SOX LUCIUS (PISCES, CI.UTEI FORMES) IN 
THE BOHEMIAN RIVERS VI.TAVA AND BEROUNKA 


Lubomir HANEL 1 ) & Ola OLIVA 1 * 


Management of Protected Landscape Area Blanik, CS-257 06 
LouAovice B 1 *; Department of Zoology, Faculty of Natural Sciences, Charles University, Vinifni 7, 

CS-128 44 Praha 


Abstract, Authors present their results of the growth study of the pike (Esca lucius) based on scale 
samples obtained by anglers throughout 1953 - 1988 from the River Vltava and its Central Bohemian 
affluent, the River Berounka. 186 specimens of the pike of the body, length 345 - 960 mm were used for the 
analysis of the length and weight growth. The growth parameters (L <», Fulton's coefficient, length-weight 
relationship) were evaluated. Average values of the length growth within various types of the pike's habitat 
in Czechoslovakia are also quoted. 


INTRODUCTION 

The pike is the main piscivorous fish of our freshwaters of high value for angling. It 
fulfils also an important role of being a predator of scrab fishes in the water ecosystem. 
A considerable number of Czechoslovak papers have dealt with its growth, e. g. C i - 
haf (1955,1961), Oliva (1956), Frank and V o s t r a d o vs k ^ (1961), B 
a I o n (1965), HoUfk (1968), Vostradovsk? («**.1970 a, b), S e d - 
l d r (1971 a, b), P o u p 5 (1974), T a n d o n and Oliva (1978), Oliva et al. 
(1979), Oliva and Naiksatam (1979), J o h a I (1980), Hanel (1988, 
1989, 1990). Many valuable data concerning the pike were summarized also in the 
paper of Toner and Lawler (1969). 

The present communication completes data summarized by T a n d o n and O 1 i- 
v a (1978), who dealt partially wilh Ihc pike from the rivers Bernunka and Vlfava. 
Having for disposal further scale samples from the River Vltava (years 1953 - 1978) 
and from the River Bcrounka (1970 - 1988) il was possible to ascertain the long term 
growth average of the pike's growth in selected parts of both the rivers in Central 
Bohemia. 
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MATERIAL AND METHODS 


As to ihc methods used, we started from Oliva (1956) where also the body-scale relationship in the 
pike was discussed, with note* on the age determination following the scale structure, Fulton's coefficient, 
and the length-weight relationship. For the back calculation of the length growth the method of Rosa Lee 
was used. The length of the young pike at the beginning of the scale formation wia found to be 40 mm. The 
hack calculation of the weight growth was performed using the method ofRoutefell and Ever-har 
t (I960). 'Hie relationship between the body length (SI,) and weight (W) was ascertained by 
Fulton's coefficient which bus represented, until rectnUy suitable parameter for fish growth studies 
(Gerlanovif etal, 1984). 

The pike was angled in the River Vltava at several places in the territory of the city of Prague from 
April to November, the prevalent part of specimens having been caught in auiutnn. Hie composition or the 
materia! examined was as follows: the y«ar of the capture 1953, the age 3+ I specimen. S + l sp. 8+1 sp.; 
1954: 4*1 sp.; 1964 : 9+1 sp.; 1965:3*3 sp,- 4*1 sp,- 1969 : 3*3sp, 4 *3sp. f 5 + 1 sp., 7+ I sp.; 1970: 4* I 
xp.; 1971: 2*1 sp.. 3*6 sp , 4 + 3 sp., 9*1 sp ; 1972 : 3 + 5 sp„ 4+2 sp.; 1974: 7+ 1 sp.; 1975 : 3+1 sp., 4 + 1 
sp.,6+1 sp.; 1977: 3+2sp., 4+1 sp ; 197R: 2 + 3 sp., 7*1 sp. 

The Rivet Vltava in this part of it! lower stream flows through the Prague plateau and its average 
discharge at its mouth into the Rjver Elbe is 149.9 mV ( V | { e k el »l, 1984). W«h regard to the fact 
that the pike is mainly piscivorous, the ichthyofaunistiral composition of both the riven, in sections where 
also the pike was angled must be mentioned. Voxiradovsky etal. (1973) studied the occurrence of 
fishes using gifl nets and eleclrofistnng in 17 localities in Ihe Prague district of the Vjtava. They confirmed 
29 fish species here Most frequent were RuhJut miilus. Leuciscus leusciscus, fsucactu cephalus, Para 
fhMtKi/u, Sardinia! erydvophthalnuis, Tinea tinea, Gobio gobio, Ikrhus barbus, Aibumus aibumus, Btiua 
bjoerkna, Vimba limbo, Anguilla anguiUa, Chrassius carassius. 

Further scale samples were obtained from the left side tributary of the Vltava, namely ihc River 
Bcrounka, which has the average discharge 36 m 3 !" 1 ( V I £ e k et al.. 1984) at its mouth. Here samples 
were obtained from a section about 50 km long, from the village Skrvje to (he mouth of the Bcrounka, 
prevalently in September (753% of samples) and in October (23%), a small portion having been obtained 
in August (only 13% of the total catch). The composition of the material examined was as follows: 1970 : 
2+1 sp.. 5*5 sp.; 1972 : 3 + 1 ip„4 + 4 sp, 5 + 1 sp.,6+1 sp.; 1973 : 3 + 7sp., 4 + 5 sp, 7+ I sp.; 1974 : 2 + 2 sp., 
3+3 sp.,4 + 1 sp., 4 + 1 sp, 5 + 3 sp, 6+1 sp.; 1975 : 3 + 3 sp, 4 +4 sp, 5 + 1 sp, 7 + 2 sp; 1976 : 3 + 4 sp.,4 + 3 
sp,5 + ] sp.; 1977 : 2+9sp, 3 + 8sp., 4 + 5sp,5 + 3sp, 7+1 sp.; 1978 : 3+ 1 sp, 4 +1 sp.; 1979 : 3* 1 sp.,4+1 
sp.; 1960 : 3 + 2 sp,4 + l sp, 5 + 1 sp, 6+1 sp.; 1981 : 3+ 3 sp, 4 +1 sp, 6+ I sp.; 1962 : 3 + 2 sp.; 1983 : 3 + 6 
sp, 5 + 1 sp, 6+1 sp, 11 + 1 sp.; 1984 : 2*2 sp, 4*5 ip, 5 + 1 sp, 8 + 1 sp.; 1985 : 2 +1 sp, 3+4 sp, 4 + 1 sp, 
5*1 sp.; 1986: 2 + 3 sp, 3*2 sp,4 + lsp.; 1968 : 3 + 3sp, 4 + 5 sp, 5+4 sp. 

Vostradovsk? etal. (1978) confirmed, on the basis of the analysis of catches during an angling 
competition the presence of Ihe following 11 fish species in the lower part of Ihe stream of the Bcrounka: 
Aibumus aibumus, Bticca bjoerkna, Vimba limbo, Rudlus ruhlus, Leuciscus cephalus, Leuciscus leuciscus, 
Gobio gobio, Scrrdinius erythrophihalmus, Abramis brama, Perea fhniahlis, Cyprinus carpio. While angling, 
various individuals collected scale material from the River Bcrounka, and from this sample, transferred to 
the Department of Zoology, Fac. Sci., Charles University. Prague, it is evident that the predominant angled 
species were: Vimba vimba, Rlicca bjoerkna, Ruhlus ruhlus, Cyprinus carpio and Abramis brama. 


RESULTS AND DISCUSSION 

The values of Ihe length growth in our own material of the pike arc summarized in 
Tables i - 3. The growth of the females was belter lhan of the males (Table 3). This 
fact was confirmed from our freshwaters, e.g, by Balon (1965), H o I i i k (1968), 
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Vluva river, own value* 272/4/ 386/21/ 459/13/ 468/2/ 



S e d ! & r (1971 a) and Vosiradovsky (1969, 1977). In England the same was 
observed by Frost and Kipling (1965). The theoretically attainable body length 
in the River Berounka in females (our own material, n = 46) was 1 157 mm, in males 
(n = 50), 962 mm. For 15 native localities, the largest theoretically possible body 
lengths were calculated in the range of 574 - 1 717 mm (the average value being 997 
min). These values were calculated from the total average length growth, and therefore 
they were influenced by different amount of pikes in individual age classes. In this 
respect wc compared the length growth also in the same age groups separately (sec 
Tab. 4). That is to say that in our own material the age 2nd is linked with the body 
length 293 mm, the age 3rd with 393 mm, the age 4th with 427 mm and the age 5th with 
577 mm (see Table 4). 


Table S. Average length growth of Hie pike in various types of Czcrhodovak waters /» mm of the body 
length/ 


Average from 

«1 

h. 

*3 

u 


k 

*7 


2 artificial ponds 1 ) 

In 

398 







10 reservoirs?) 

195 

313 

422 

490 

581 

673 

756 


5 rivers3) 

181 

295 

386 

484 

570 

686 

740 

804 

6 backwater*, swamps. 

162 

287 

408 

541 

6.34 

727 



water fiHcd depre¬ 
ssion^) 

3 reservoirsS) /females/ 

£10 

341 

440 

531 

641 

733 

809 


3 icservoiraS) /mates/ 

221 

330 

419 

490 

553 

610 




1) Art:filial ponds LouAuvrfk. Vyllavik /Klunfarwi, 1778/ 

2) Reservoir* /riverine lakes/: Daleiice /Tusk, KrfJJ. 1982/, Jccenicc /Isuk, Krttl, 1982/, Klldava /Trank, 
Voatradovsk f, 1961; Holflk, 1968/, Lion /Scdlir, 1971 b/, Lrpno/h'rank, Vostntdovsk*. 1961; 
Voslradonky, 197?/, Opattwice /Lask, Kifal. 1982/,OiBva /Baton, 1965/, ftimav /Kuhefka, 1990/, Slapy 
/Hand, 1989/, ZAskalxki /SvAtora, 1981/ 

3) Rivers. Berounka /Jobs!, J980; own values/, Dunajec /Oliva. Naiksatam, 1979/, Dyjc /Lusk. Krffil. 
1982/. Hron /SedlAr et »!.. 1989/, Vltava /Oliva, 1956: own values/ 

4) Backwaters, swamps, water Riled depressions: Poltruba, Prochitkcva luA, Vclki Arazimova, V kouti 
/Oliva. J956; Johal. 1980/ Katehna. Modlany /Oliva Cl a|.. 1979/ 

5) Reservoirs (riverine lakes), sec 2 

The variability of ihc growth of the pike is well known. It depends mainly on the 
stationary habitat of the pike and on the food accessible there for single specimens (see 
e.g. Vostradovsk^, 1969). It is evident that for any precise studies of the growth 
of the pike it is necessary to have a rather numerous material so that both the slow and 
the fast growing specimens could be considered. In this respect the growth of the pike 
in both Vllava and Berounka was found to be very similar and comparable with 
previous data (Oliva, 1956; Tandon and Oliva, 2979; J o h a 1, 1980). For 
both the rivers the average length growth was calculated for the period of 1953 - 88, 
using most numerous age groups (our own and other published data summed up, the 
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age from 2nd to 5th, n = 276) : 1, - 179 mm, 1 2 - 283 mm, 1 3 - 369 mm, 1 4 - 447 mm 
and 1 5 - 527 mm of the body length. 

On the basis of the recent knowledge of the pike growth in Czechoslovakia, the 
average growth in various types of waters was compared (Table 5). la the first years of 
life, the best growth of the pike was found in artificial ponds (however we examined 
only 2 localities) and in reservoirs (riverine lakes). However, the average differences in 
the body length in comparison with the three-year old specimens was not big, only 36 
mm. Therefore it is necessary to collect further material from other localities, 
especially from rivers and artificial fish ponds. A more detailed comparison is not easy, 
because in each locality exist, obviously, considerable ranges of lengths with specimens 
of the same age, and the analysis depends, consequently, on a random representation 


Tabk 6. Equations of re la l tonship between body length and weight at the pike from variuus localities 


Locality 

author 

n 


equation 

Ruervoir lipno, 

1959- 1967, male* 
Reservoir ZAskzkkA, 

1974 - 1979 

Ve*tradovsk$ 
/1970/ 
Sviloni 
/1981/ 

145 


log w - 3.2J41 -5.5639 log L 

lou w 3 32122 - 55636 log L 

Reservoir Klffava, 

1967-1969 

Pivntfka /I983/ 

35 


log w = 3.161 - .5.463 log L 

Reservoir Lipno. Vostradovsky 

1959 - 1967, both sexes /I970/ 

Reservoir tipnc, Vostradovsky 164 
1959- 1967. females /1970/ 

3 348 


lcg w = 3.1572 - 5.4133 log L . 

lofty « 3.1088 - 5.2835 log L 

Reservoir Kltfava, 
1975 - 1979 

hvnifka 

/I983/ 

3S 


tof W - 3.036 * S 109 tog J. 

Various localities 
in Chechoslovakia, 

1948-1953 

Cihaf/1955/ 



log w - 2.9052 - 4.8021 log L 

Reservoir Orava 

Baton /1965/ 

187 


log w = 27985 -4.4811 log L 

Risers Vkava and 

Bcrounka. females 

own data 

62 


fcg w = 2.7130 - 43903 log L 

Riven Vltava and 

Bcrounka, males 

own data 

57 


log w = 2.6027-4.1939log L 


of slow or fast growing specimens in the sample. This circumslance influences later the 
’’average growth”. Vostradovsky (1969) found that migrating pikes in the 
reservoir lJpno had smaller length and weight increments when compared with those 
specimens which have a stationary mode of life. The relation between the age and 
Fulton’s coefficient in our material shows the tendency to lowering its value with 
the age (Tables 7 - 8). Ranges between F u 11 o n's coefficient in own material were 
1.04 and 1.57, respectively (the pikes from 2nd to 11th age groups). K o u f i 1 el al. 
(1976) found ranges 0.76 - 1.57 (males from one to three years of age) in pikes from 


94 







artificial fish pond in the pi spawning period; the same ranges with females were 0.77 - 
1.24. The avearge value of F u 1 1 o n's coefficient grew with age. A larger value of 
this coefficient was found by Vostra d ovs k J (1970 b) in female pikes from the 

Table 7. The relationship between Pulton's coefficient /K/ and the age of the pike, own samples, riven 
Vltava and Bcrounki, males 


Aff group 

n 

K 

ranges 

2 

1 

1.32 


3 

16 

142 

1.14-133 

4 

18 

1.15 

1.07 -131 

5 

5 

129 

1.18-134 

6 

1 

1.26 

- 

7 

3 

1.23 

1.17-132 


Tabic 8. The relationship between Fulton's coefficient /K/ and the age of the pike, own samples, rivers 
Vltava and Berounka. females 


Age group 

n 

K 

ranges 

2 

7 

1.33 

1.21 -1.51 

3 

21 

1.36 

1.13-137 

4 

14 

1.38 

104-134 

5 

7 

1.17 

1.09-1.36 

6 

1 

1.34 

- 

7 

1 

1.2 2 

- 

11 

1 

1.09 



riverine lake Lipno, where he had calculated this index using the total weight. He 
confirmed the increase from June to October. Frank and Vostradovsk^ 
(1961) found the range of 0.77 - 1.23 in F u I t o n's coefficient in the pike from the 
Killava reservoir (age of specimens 0 * to 4 * ). At the age 0 + the coefficient increased 
during June through to October, at the age I ■» F u 1 t o n's coefficient decreased 
during July through to October. With pikes of higher age this tendency was not evident. 
H o I C (k (1968) confirmed the fluctuation of Ihc coefficient "K” with the age of pikes 
in this reservoir (age of fish 1+ to 8 + ) between 0.96 - 1.05. But there the tendency to 
the decrease or increase of F u I I o n's coefficient with the age of fish was not 
evident. It seems to be dear that F u I t o n's coefficient can be applied in precise 
studies only when the fish of the same age and same sex arc compared in the same 
period of the year. 

The relation between the body length and the body weight of the pike in various 
localities is summarized in Table 6. Our owo sample showed that males increased in 
weight faster up to the body length of 600 mm; later, a faster increase was observed in 
Table 9. Relationship between the body length and Fulton's coefficient /K/ at ihc pike, own samples from 
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nKrt VIlaw and Berounka 


body length /cm/ 

40-50 

51-60 

61-70 

71-80 

81-90, 

91-W0 

sex 

males 

o 

15 

9 

7 



I 


X 

1.44 

1.22 

1 26 

- 

- 

lJf 


min. 

120 

1.07 

1.19 

- 

- 

- 


max- 

1.53 

1.33 

1.34 

- 

- 

• 

acr 

females 

n 

32 

7 

6 

2 

2 

1 


K 

1.37 

132 

1 20 

uo 

1.28 

1.09 


min. 

1.17 

LU 

1.04 

1.07 

122 

- 


max. 

137 

L41 

1.36 

1.12 

134 

- 


females and the growth of males was slower. The weight growth can be compared also 
using the index of production introduced by P i v n i fi k a (1972). For Czechoslovak 
localities, he (P i v n i l k a , 1983) found ranges of Pj^) * 1 000 - 12 000 with the 
as’erage of 5 000 g. When we used this method, the growth found in the Vltava was 
below the average (P|( 4 - 8 ) " 2 426 g), and in the Berounka also below the average 

CV«) - 2,604 g). 


SUMMARY 

The long term average of the length and weight growth of the pike (n - 186, 2nd to 
11th age group, body lengths 345 - 960 mm) from the lower part of the Berounka and 
from Prague part of the Vltava (Central Bohemia) was studied. In 1953 * 1988, the 
average length growth based on literary and the authors' data for the rivers mentioned, 
using the most abundant age groups (2nd to 5th), was as follows: lj - 179, 1 2 - 283, 1 3 • 
369, 1 4 - 447, 1 5 - 527 mm of the body length. The ranges of F u 11 o n 's coefficient 
within the age from 2nd to 11th were 1.04 - 1.57. Up to the body length of 600 mm, 
males increased faster in weight than females, later this relationship was reversed. 
When applying the index of production, in the rivers examined the average weight 
growth was below (he average in comparison with other Czechoslovak localities. 
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CZECHOSLOVAK EN'CHYTRAEIDAE (QIJGOCHAKTA). Ill. DESCRIPTION OF A NEW SPECIES OF 
ENCHYTRONIA AND NOTES ON TWO SPECIES OF MARIO.V1NA 

Jc«f CHALUPSKV, jr. 

Institute or Soil Biology. Czechoslovak Academy of Sciences, Na sidklch 7, CS-37005 CmM 

Czechoslovakia. 

Abstract. Enefytronia longispcrmaihcco ap.n. is described. Diagnosis of the genus Enchytronia is 
extended. The taxonomy of Hanonina cambuvuis O'Connor. 1963. and M. asymmetnea Nurminen, 1970 U 
discussed. 

In the course of ecological studies on soil fauna in South Bohemia a new enchytraeid 
species* Enchytronia lortgixpermaiheca sp.n., was found. The species had three features 
which have not been reported in the genus Enchytronia so far. These features, which 
extend the original diagnosis of the genus, concern the free spermathccae, presence of 
seminal vesicles, and the structure of the alimentary canal in Segment VI. The changes 
bring the genus Enchytronia closer to the genera GuaranidrUus Cernosvitov, 19.37, corr. 
Healy, 1979 , Hemienchytraeus Cernosvitov, 1935, and Tupidrilus Righi, 1974. 


MATTRIALAND MIHHODS 

Tbe soil samples were extracted by heat in wet funnels (O' Connor, 19$$) Enchytraeids were 
identified alive in a drop of tap water under a light microscope. Some specimens were stained with Mayer's 
borax HO alcoholic carmine and mounted whole in Canada balsam, others were sectioned in paraffin, and 
siained by hematoxyl»n-eosin. Setae were studied on slides with Liquide de Swanne. The material is 
deposited at the Institute of Soil Biology. £tskd Budtjovicc. In the descriptions. Nielsen and Chri¬ 
stensen's (1959) conventions were used. 

Enchytronia Nielsenet Christensen, 1959 (extended) 

The genus Enchytronia was erected by Nielsen and Christensen 
(1959) to include two species, £. annulafa and £. parva. Four other species have been 
described subsequently. E. chris tens eni D6z.sa-Farl.as, 1970, E. minor MolJer, 1971, E. 
hellenica Dumnicka, 1980, and£. baloghi D6zsa-Farkas, 1988. 

Type species. £. parva Nielsen et Chrislcnscn, 1959. 

Diagnosis. Setae straight without nodulus. Head pore at 0/1. Dorsal pores 
absent. Brain longer than wide, convex anteriorly and deeply indented posteriorly, 
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lateral margins converging towards the anterior end Paired peptonephridia absent. 
Transition between esophagus and intestine at VI or VI/VII. A pair of lateral intestinal 
diverticula originating at the transition and extending forwards into VI; the diverticula 
communicating separately with the intestine through a canal which gives off finer 
branches into the body of the diverticula. If true diverticula missing, at least an 
expansions of esophagus at VI. Dorsal vessel arising in XIII. Blood colourless. 
Nephridia with well developed interstitial tissue; consisting of anteseptale with distinctly 
demarcated nephrostome and coils of ucphridial canal, and an elongate postseptale 
with the efferent duct arising postero-ventrally. Seminal vesicle present or absent. 
Seminal funnel cylindrical. Vas deferens long and thin. Spermathecae free or unite 
entally and seem to be attached to the dorsal wall of the esophagus; no open 
communication with the esophagus has been observed. Genital organs in normal 
position. 

Remarks. Compared with the original version, the extended diagnosis of the genus 
Enchytronia Nielsen ct Christensen, 1959, has more features in common with the 
diagnoses of the genera Guaranidrilus Cernosvitov, 1937, corr. Healy, 1979, 
Hemicnchytraeus Cernosvitov, 1935, and Tupidrilus Righi, 1974. The key structures, 
which determine membership of the above genera, are compared in Tab. 1. The genus 
Hemienchytraeus distinctly separates from the assemblage by the presence of unpaired 
peptonephridia, attached dorsally to the pharynx, and by the absence of 
esophagcal/intestinal appendages. The genera Enchytronia (extended), Guaranidrilus 
and Tupidrilus differ in the nature of the appendages of (he alimentary canal at VI - X. 
la Enchytronia species the esophagus-intestine transition occurs at VI or VI/VII; at 
VI/VII there arc paired diverticula, or the digestive tube in VI is only expanded and 
thick-walled. The Guaranidrilus species posses esophageal appendages in VI, and there 
is an abrupt transition of esophagus-intestine with two large, thin-walled, bilobed 
diverticula. However, either the appendages or the diverticula may have been lost in 
some species (Coates and Diaz, 1988). The Tupidrilus species have cither 
gradual or more or less sudden esophagus-intestine transition. Appendages attached at 
VI, are paired or unpaired and have a spongy appearance. The other features of these 
genera overlap to a variable extent. They arc: position of head pore; seta! 
presence/absence in some lateral bundles; origin of the dorsal blood vessel; 
arrangement of septal glands; and the form and structure of nephridia, spermathecae, 
seminal vesicle and penial buibi. The presence of seminal vesicles in Enchytronia has 
been reported previously in Enchytronia christenseni D6zsa-Farkas, 1970 E. minor 
Moller, 1971, and-E. hcllenica Dumnicka, 1980. 

Geography. Hemienchytraeus species occur largely in the tropics and subtropics 
of South America, Africa and Asia. Only one species has been reported from Europe 
(//. bifurcatus Nielsen ct Christensen, 1959, Denmark). Tupidrilus species arc restricted 
to S. America whereas the Enchytronia representatives have so far only been reported 
from Europe. The Guaranidrilus members occur in the tropics of S. America, and 
perhaps of Africa (doubtful species G. lamottei Omodeo, 1958), and one spcdcs has 
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been reported from Europe (G. eumpaeus Heafy, 1979, South France, Pyrenees). 
Recently this genus has also been reported from North America (Coates and 
Diaz, 1988). 


Enchytroma lon&spematheca sp. nov. 

(Pi*, l *6) 

Description. Colour normally white. Live length (35) 4-45 (5) mm, width 130 

- 150 pm (165 pm in clitellar region). Number of segments (24, 25) 27 - 30 (31). Setae 
2,0 - 2(1) : 2 - 2 (Fig. 4); seta about 28 - 30 ptn long in front of clitellum and up to 43 
pm behind it, with small cntal hook. Lateral setae missing at VIII - XII. Head pore in 
furrow 0/1, laying longitudinally, length about 5 pm. Cutaneous glands hardly 
noticeable. Clitellum over XTI - 1/2XIII, interrupted dorsally. The clitellar glands 
(granular clitellar cells), missing ventrally between the penial bulbi, arranged in 
approximately 26 transversal rows, with angular outline, the rectangular ones 75 - 10 x 
15 - 18 pm; surface of glands of grain-like structure, the glands interspersed between 
grain!css areas of globular clitellar cells. Brain with hind margin incised, about 125 pm 
long and 65 pm wide. Septal glands in three pairs at IV, V and VI, all with ventral 
lobes; fust and second pairs with wide dorsal fusion, third pair not fused dorsally and 
formed by long vcntro-latcral lobes only. Transition of esophagus-intestine immediately 
behind the septum V/VT; no diverticula present; digestive tube thick-walled in VI and 
1/2VII, the wall internally with deep furrows bearing fine cilia. Chloragogen cells 
present in IV and V, sparse in VI and VII, dense from about VIII, partly missing in 
clitellar region; about 20 - 25 pm in diameter. Blood colourless; dorsal vessel 
originating on septum XIII/XIV. Coelomocytcs oval, long axis 35 - 40 pm, finely 
grained (Fig. 3). Two pairs of ncphxidia antcclitellarly at VII/VIII and VIII/IX; length 
of entire nephridium about 90 - 100 pm, anteseptale approximately 1/4 of the length of 
postseptale; efferent duct arising posterovcntraUy, small hump on upper hind part of 
postseptalc (Fig. 5), interstitial tissue well developed Spcrmathccac free, commencing 
laterally at IV/V, very long, up to IX, X or to septum X/XI, with a large compact gland 
at the cctal orifice; short part of ectal duct covered by small glands; narrow cctal duel 
gradually expanding into a sac-like ampulla; the ampullae over three segments long 
(Fig. 2). Seminal vesicles over 3 - 4 segments, most frequently X - XIII, coloured ochre 
brown. Sperm funnel as long as the diameter of the body, its length: width ratio about 2 

- 2y5 : 1, collar narrower than diameter of the funneL Vas deferens about 5 pm wide, 
extending to XIII, then back to XII. Penial bulbus compact, oval, about 75 pm long and 
45 pm wide. Usually 1 (2) mature egg present at a time. 

H o I o t y p u s Nr 1986/1 and 23 parolypcs in author'* colletlion axe kept in the Institute of Sod Biology, 
i BudJjOvice 

Locus typicus. Czechoslovakia, South Bohemia, district tesk£ Budfjovice, 
near Hluboki nad Vltavou town, small grove of 100 - 120 year old beeches within a 
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Figs- I - 6- Enchfronia longuprrmatheca sp. n.: 1 - internal anatomy. as - ampulla of spcrmathcca, 
b - brain, e - egg, m p' rt ~ moKuiar pharynx, pb - penial bulbus, sf - sperm funnel, sg - septal glands, sv - 
seminal vesicles, vd - was deferens; 2 - spermathccac; 3 - coelomocytc; 4 - sctal bundle and single seta 
viewed laterally. 5 - nepbndiura at VH/V11I; 6 - transversel section at VU, *c - alimentary canal, dbv - 
dor«J blood vessel, eds - ectal duct of spermatheca, iml - inner muscular tayefi Oml * outer muscular layer, 
sg - septal gland, vne - ventral nerve cord. Scale bars - 20 Jim. 
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large mixed forest, close to the River Vltava, but on a plateau at the top of a steep 
slope about 60 m above the river. Sampling dates: 31st August, 1985, 2 juveniles; 21st 
April, 1986,1 adult; 13th July, 1986, 36 adults. 

Further locality. S. Bohemia, near Purturec village, tite in a mixed forest with beech- Sampling 
date 20th May, 1985,12 adult*, soil iample kg, V. PdL 

Etymology. The species name reflects the abnormally long spermathecae. 

Comments. The number of segments of 33 adult worms (13th and 16th July, 
1986) was counted: 24 seg. (1 individual), 25 seg. (1 individual), 27 seg. (7 individuals), 
28 seg. (6 individuals), 29 seg. (11 individuals), 30-seg. (5 individuals), and 31 seg. (2 
individuals). One specimen has been observed with only one seta in a few lateral 
bundles behind the girdle. Another specimen lacked the lateral bundle on one side of 
the body at VH. The clitellum is not joined dorsally, as in some species o (Achaeta, and 
is slightly elevated outwards. The transvcrscl rows of clitellar glands are narrowly 
separated from each other. The ventral lobes of the first pair of septal glands arc 
almost fully hidden under the dorsal fusion. The connectives of the septal glands, which 
join the first pair to the pharynx, arc easy to observe. There are two tubercle-like 
swellings between these connectives just on the hind margin of the pharynx. They arc 
likely to be nerve ganglia, also conspicuous in a number of other enchytraeids. The 
alimentary canal at VI and 1/2V11 has thick hypertrophied walls. It appeared from 
observations on living worms that blind ending canals extended through these thick 
walls giving the impression that there must be some diverticulum, an extrusion of a 
hollow organ, with a narrow inner cavity. But series of transverse sections showed 
instead a few very deep furrows in the inner epithelium of the alimentary canal at VI 
(Fig. 6). The epithelium bore numerous cilia. In some specimens another small 
extension of the alimentary canal can be observed at XIII/X1V. The coclomocytc 
nucleus is not perceptible in the living state. These nuclei can, however, be observed 
temporarily in coeloraocytes removed from the coelomic cavity, as the quickly 
disintegrating and grainy cytoplasma disperses. The grainy structured cytoplasma lies 
dose to the periphery of the coclomocytc, and a condensed oval of cytoplasm occupies 
the centre of the cell. The spermathecae may be mildly crinkled or even bent forwards. 
The ectal duct together with the ampulla occupies about half the length of the 
spermatheca. The ampullae of some specimens are thin-walled, crammed with brown 
sperm, and fill up the coelomic cavity at VIII-X. In other specimens the ampullae are 
of different appearance, being thick-walled, generally narrower with smaller amounts 
of sperm. In the latter case either the spermathecae have not yet reached full 
development or they are stunted. Anyway, worms with such spermathecae arc mature, 
as evinced by the presence of sperm in the spermathecae and the presence of fully 
developed reproductive organs. The seminal vesidcs most frequently occupy four 
successive segments, and belong to, relative to the size of the worm, the largest vesides 
which have ever been described in enchytraeids. The seminal funnel is about 150 /*m 
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long and 70 pm wide, the collar partly dips and occupies about half the diameter of the 
funnel. The main body of the funnel has a grainy glassy structure. The vas deferens is 
initially irregularly coiled, then runs to XIH before turning bad, closely applied to 
itself, to Xll, so forming a long and narrow loop. 

Discussion. The new species Enchytronia longispermatheca conforms to the 
extended diagnosis of the genus Enchytronia in all characters. It exhibits two features, 
particulary characteristic of Enchyrronia. These features may be secondary but have a 
practical diagnostic importance. 1) Absence of lateral bundles in VIII - XII. This 
character is typical fot almost all Enchytronia species known so far. Two exceptions 
have been reported. A few specimens of Enchytronia sp. possessed setae in all lateral 
bundles but XII (C h a l u p s k y , 1986); the same was later stated for Enchytronia 
baloghi D6zsa-Farkas, 1988. 2) Inner structure of the coelomocytcs. The cell cytoplasm, 
which appears to form very fine and smooth grains, is sometimes condensed into two 
rings, one close to the periphery of the cell, the other nearer the centre (Fig. 3). 

Enchytronia longispermatheca is distinguishable from all other Enchytronia species 
by the length of the spcrmathccac and by having very large seminal vesicles. This 
species resembles the representatives of other genera in some morphological details. A 
similar hypertrophy of the wall of the alimentary tract at VI has been recorded in 
Tupidrilus wilsoni (Righi, 1973); the type of nephridium with a small hump occurs in 
Hemienchytraeus shirensis Bell, 1954 and in Hen lea africana Bell, 1954; the brain with 
incised hind margin occurs in most species of Guaranidrilus, Hemienchytraeus and 
Tupidrilus; the spcrmathecae resemble those in Hemienchytraeus cipocnsis Righi, 1973 
andStercutus ugandensis Bell, 1954, etc.; very large seminal vesicles have been reported 
in c. g. Hemienchytraeus africanus ternosvitov, 1935 (Bell, 1954; Chris-toffer 
sen, 1977; Righi, 1973, 1974). These similarities suggest a fairly close 
phylogenetic affinity between Enchytronia species and members of Guaranidrilus, 
Hemienchytraeus and Tupidrilus . However, it would be unwise to consider these 
relationships further without personal experience of the living material. 

The enchytraeid fauna in locus typicus was sampled five times in the period 3lst August, 1985 - 13th 
July. 1967. a total ot 15 enchytraeid species was discovered at the site; Mesenchyvoeus glandulosus 
(Uvinsen, 1884), Cognctria spfufgrmorum (Vcjdowky, 187 %),Achacla sp.. Encfytrvrua longispcrmaihecu sp. 
ii., Enchyfonui sp, Hcnlea ventriculma? (d'lJdekem, 1854), Buchholzia appendicuiaia (Buchhot/, 1862), 
Frideritia ala/a Melsen ct Christensen, 1959, F. paroniana Issd. 1904, F. raaeti (T.iscn, 1872), Fridericia sp. 
2, Fndericia sp. 6 , Enchytraeus sp., Marivnina cambrensis O'Connor. 1963 and M- (ubifna Nielsen el 
Oiriilenscn, 1959 The juveniles o( Cognettia spbagneiprum (D = 75 and Buchbntzia appendicuiaia (D 
*= lf>96) predominated. Adult C.tphagntiorum were collected on the 31st August, 1985,12 individuals 13th 
July, 1986, I subadult specimen. Adult Buchhotiia appendicuiaia were identified on the 31st August, 1985, 2 
individuals; 21sc April, 1986,1 individual; 13th July. 1986.7 individuals. 

Two terrestrial Manoninu species were present in the enchytraeid community. Both specie* are new to 
Czechoslovakia, and therefore short descriptions are presented here. 
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Marionina cambrensis O'Connor, 1963 
(Hp-’-U) 


Description. Size (5) 7 * 7.5 (8) mm alive, width about 200 - 250 pm. Number of 
segments (31, 34)36 - 39. Seta! pattern (2) 3,4 - (4)3,2 : (1, 2, 3)4 - (4)3,2; setae 
arranged pair-wise, shorter pair in the middle of the bundle; when three setae in 
bundle, the larger seta towards the ventral midline in ventral bundles and the seta 
towards the dorsal side in lateral bundles are usually absent. The largest seta 37 - 38 
pm long, the smallest 28 - 29 pm long anteditellarly, all with small distal curve (Fig. 
10). Septal glands in three pairs in IV, V, VI, the last pair long and narrower. Blood 
colourless, dorsal vessel originating at X1II/X1V. Coclomocytes oval, very finely 
grained, length: width about 25 - 27.5 :17.5 - 20 pm, some cells up to 35 pm long. Four 
pairs of nephridia in front of the ditellum, from VI/VI1 to 1X/X (Fig. 9). Esophageal 
appendages at VI, finger-like; the whole structure begins in IV and runs backwards on 
the ventral side of the esophagus, closely applied to the alimentary tube at IV' - VI, 
ending at VI by two ventrolateral prominences (Fig. 11). This structure has a lobed 
outline and a narrow inner canal, the ends of it in VI are spongy. Spermathccae with 
one (rarely two) gland at the cctal orifice, the gland almost as long as the octal duct. 
The cctal duct unilaterally expanded into an ampulla, which gradually narrows into a 
long ental duct (Fig. 8). Ental ducts join and together are attached to the esophagus at 
V between the lobes of the second pair of septal glands (Fig. 7). Seminal vesicles 
absent; in XI there are a few freely floating clusters of sperm. Usually one mature egg 
at a lime. 

Locality. South Bohemia, Hluboki nad VlUvou, beech wood, u in Fjichymmia /ongupermaduca *p.n. 
Sampling dates: 21st April, 1986, about 50 adults; 13th July, 1986.5 adults; 9th January. 1987.1 adult. 
Further locality. South Bohemia, £ukd Budijovice, oak wood on the right side of a road to 
BrantJov village. Sampling dates: 19th December, 1982, 4 adults. 8 juveniles: 16lh February, 1983,42 adults, 
22 juveniles; 10th April. I9S5, 48 adults, 34 juveoi/cs. 

Distribution. Great Britain (O'C onnnr, 1963), Denmark (Nielsen and 
Christensen, 1963), Sweden (Chalupskf,- unpublished), Czechoslovakia, S. 
Bohemia, new record. 

Comments. The worms are normally whitish, but conspicuous due to a rusiy- 
-brown intestine, particularly behind the girdle. The outer as well as the inner setae 
have a sligthly narrower distal third (Fig. 10). Setae are missing in 1, XII and the last 
body segment. On one occasioin free setae were observed in the coclomic cavity. Head 
pore about 20 pm long lies transversely at 0/1, essentially at the front margin of I. 
Dorsal pores missing. Some cutaneous glands arranged dorsally in 3 - 4 incomplete 
transverscl rows in front of the clitellum, at III - XII. They are irregularly rectangular, 
being about 15 pm long. The clitellum covers 1/2XII - XUI, protruding outwards, less 
inwards. It consists of larger globular ditcllar areas (about 15 pm in diameter) and 
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Fig*. 7 - 13. Marionina cambtrmsii O'Connor, 1963: 7 - internal anatomy, 8 - apermathcca; 9 - 
nephridium at VH/VTTI and postclite Baity, 10 - letal bundle and aetae viewed laterally; 11 - esophageal 
appendage*; 12 - ipcrmsthecac (South Bohemia, original drawing); 13 - tpermathccac (North Wales, 
O'Connor'* drawing). 

Fig. 14. Mariotuno asymmarka Nurminen, 1970, ipermathecac (Finland, Nurminen'* drawing). Scale 
ban 20 tan. 
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smaller granular clkellar cells (about 10 pm), raosaically arranged. Both types of gland 
are lacking around the male and female openings. Brain about 75 pm wide and 100 pm 
long, mostly truncated, but during strong contractions of the body its hind margin may 
occasionally appear to be slightly incised. The ^jKonephridia’' in IV - V look, in some 
individuals, like a scries of small lobes, in others like a hollow* thin-walled organ, which 
resembles (hat of Fridencia. They coalesce longitudinally with the ventral side of the 
esophagus. From V to VI the appearance of the peptonephridia changes, the lobes 
gradually turning into compact spongy prominences. The septal glands of each pair are 
separate, the first and second pairs have well developed ventral lobes, whereas the third 
pair is formed by ventrolateral lobes. The chloragogen cells are not clearly separated 
from each other. They are almost entirely reduced to small oil granules behind the 
girdle. The middle part of the intestine, usually in about XIV - XXIII, is covered or 
inlayed by longitudinal stripes of grains of unknown origin. The dorsal blood vessel was 
seen on one occasion to commence from septum XIIl/XIV; the origin was difficult to 
ascertain in the other individuals examined. In some specimens, coelomocytes may be 
smaller than given in the description, being aboul 20 - 25 pm long. The coelomocyte 
outline Is rugged in detail, not smooth, usually covered by a few hairs, by which the 
coelomocytes attach on to the body wall. The coclomocytc cytoplasm is finely grained. 
The nephridium is about 95 pm long. The anteseptale consists of a simple funnel. The 
efferent duct originates midventrally, immediately behind the septum, in preclitellar 
nephridia; in postclitcllar nephridia the origin of the duct gradually shifts backwards, 
but it never starts terminally (Fig. 9). Spermalhcca: the cctal duct occupies about a 
third or a quarter of the total spermalhcca length and is 12 - 15 pm wide, then it 
expands unilaterally, into an ampulla, which is 20 - 30 pm wide; the ental duct is a 
simple lube which connects with its neighbour under the dorsal vessel (Fig. 12). This 
connection is extremely difficult to observe, it is mostly as narrow as the ental duct, 
although occasionally it is broader. In the middle of the combined duct there may be an 
aperture; on one occasion two adjacent apertures were seen. The seminal funnel has a 
length: width ratio of 21, it is 40 - 50 pra wide and the collar is the same width as the 
funnel or narrower. The vas deferens is loosely coiled, about 5 pm in diameter. 

Discussion. The Marionina species identified as M. cambrensis in the present 
paper differs in minor details from M. cambrensis as described by OC onnor (1963) 
and from M. asymmetrica Nurminen, 1970 (Tab. 2). The crucial feature is the 
spermalhcca. M . cambrensis O'Connor, 1963 has a rosette of small glands at the ectal 
opening of the spcrmathcca, and the ental ducts enter a spacious common pouch with 
aperture (Fig. 13). M.usymmetrica Nurminen, 1970 has a longer cctal duct with a single 
small compact gland at the cctal orifice (Fig. 14). The ental situation was not described. 
The form of M. cambrensis described here has a short ectal duct with 1 (2) large gland 
at the orifice of it. The most distal part of the ectal duct is paved with glassy bodies 
(cells) (? O'Connor's unicellular glands around the cctal aperture). The ental ducts arc 
simply connected and the combined portion is tubc-Iikc, only rarely wider than the 
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preceding ental duels. An cntal aperture may occur (Fig. 12). 

1 have reexamined the original material of Mariortina asymmetrica Nurminen, 1970, 
loaned by the Museum in Helsinki. Il wus two specimens preserved b ethanol, 
probably Fixed in Bouin mixture, labelled Marionina asymmetrica Nurminen, TYYPPI, 
Tuusula, Ruot.sinkyla, 25lh October, 1968; M. Nurminen leg. del . . . ! present a brief 
description of the gross morphology, as no serial sections or whole mounts were 
available. Length 4.9 and 5.1 mm, width 210 pm both specimens, width at clitcllum 275 
and 250 pm, segments 34? and 37, sctal pattern (2) 3,4 - (4)3,2 : (2)3,4 - 4,3(2), length 
of longest seta 38 pm, length of inner seta 25 pm. This superficial examination would 
not b itself have enabled even the generic status of these type specimens to be 
determbed without previous knowledge of the original author's determination. „Thcrc 
is also the ever present problem of fully identifying‘specimens b fluid preservative 
without the benefit of cleared whole mounting, dissecting or sectioning. Superficial 
resemblance may be misleading, and whole worms held as types may always be suspect 
because of this." (B r i n k h u r s l, 1981, p. 7) 

Nurminen's later opinion was, that M.asymmetrica was a younger synonym of 
A/.cu/nhremis O'Connor, 1963 (P. TuTpeinen, letter communication of the 9th March, 
1983). 


Tab. 2. Comparison of Maruynma cambrtnns O'Connor, 1%3 and Af. Myrrvnrtrica Nurminen, 1970 


Differential 

feature* 

Marionuxa cambrensu 

O'Connor, 1963 

North Wales 

Marionina cambrtnik 

O'Connor, 1963 

South Bohemia 

Marionuta atymnvaica 
Nurminen, 1971) 

Finland 

length mm 

6-8 

(5)7 - 75(8) 

7 

number of segment* 

34-37 

(31. 34)36 - 39 

36-4J 

sctal pattern 

2-4 per bundle 

(2X3, 4 - (4)3. 2:(1, 2, .3)4 - (4)3, 2 

3,4-2:4-2,3,4 

hind margin of brain slightly indented 

truncated 

truncated 

3rd pair of septal 
gland* in 

Vl-Vll 

M 

VI 

origin of doTMl 
blood vessel 

on septum XH/XIII 

on septum XJH/XIV 

to xiii 

ectal duct of sper- 

mathcca 

short 

short 

longer 

cctal opening of 
spcmaihcca with 

rosette of minute glands 

1 ( 2 ) stalked large gland; end 
of cctal duct paved with 
glassy bodies (cells) 

1 small compact gland 

ental ducts of 

jointed in large common 

simply jointed, rarely more 

? 

spcrmaihcea 

pouch with aperture 

broadly, aperture occasionally 

7 

venire 1 structure of 
esophagus (..peplo- 
nephridia") 

present in IV- VI 

present in IV - VI 



Professor B. Christensen has seen live South Bohemian material of M.cambrensis 
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and commented, „This is what we usually call M. cambrensis O'Connor, 1963." 

The unusual shape of sperroatheca suggests that all three forms could be members 
of the same species. On the other hand, the spermathcca may simply reflect a common 
evolutionary pathway and the geographical distribution certainly indicates that these 
forms might be separate species (V. K o i e 1, pers. communication). 

At present, 1 am inclined to leave the situation as follows: the South Bohemian form 
is M.cambrensis O'Connor, 1963, but A Lasymmetrica Nurmincn, 1970 and 
M.cambrensis O'Connor, 1963 should remain separate species. Until live material from 
all three regions is compared, it would seem unwise to make any taxonomic changes. 


Marionina lubifera Nielsen ct Christensen, 1959 
(Tip. 15 -17) 

Description. Worms usually in a tube made of detritus and fine mineral 
particles. Length 6 - 7(8) mm alive, width 180 jim. Number of segments 37, 38. Setal 
pattern 2, 3, 4, 5, 6 - 6, 5, 4: (3)4, 5,6 - 6, 5, 4; setae in bundles arranged pair-wise (Fig. 
17), the inner pair shortest, as in the genus Fridericia. Septal glands in three pairs at 
IV, V and VI, separated dorsally, large ventral lobes in V and VI, ventral lobes in IV 
widely linked with strong connectives to pharynx. Dorsal vessel arising at XIII/XIV, 
blood colourless. Coelomocytes oval, 20 - 25 gm long, filled with refractile grains. Six 
pairs of nephridia in front of the clitellum, fron V/VI up to X/XI. Spermathecae 
without glands at cclal orifice, ectal duct rather suddenly expanded into ampulla, which 
is a bit wider than the duct, the ampulla slowly narrowing to cntal part. Spermathecae 
communicate with each other entally (Fig. 15), fixed to esophagus. Seminal vesicle 



Figs. 15-17. Marionina tubifera Nielsen ct Chmtcusen, 1959:15 - spermatbccac; 16 - intcM ma] sweDmgs 
laterally at VII; 17 - setal bundle. Scale bare ■ 20 /un. 
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absent, only sparse bunches of spermatozoa present At VO alimentary tube with a pair 
of small tuberculoid lateral swellings (Fig. 16). 


Locality. Sooth Bohemia, HluboU n*d Vhmvou, beech wood, at la Eachymmks lonpftptnnatfma ap. 

Sampling date*: 13ch August, 1985, * adults; 21a April, 1986,2 ad.** Uth JaJy, 1966, 3 adults tad 1 j* 
venile; 9th January, 1987,3 adults; 13th July, 1987, 2 adults. 

Distribution. Denmark (Nielsen and Christensen, 1959), The 
Nctherland (de Gunst, 1965), West Germany (Kasprzak, 1986), Czechoslovakia, 
S. Bohemia, first record. 

Discussion. In all features but two, body size and swellings on intestine in VII, 
these specimens fit very well the description of Nielsen and Christensen (1959, p. 117, 
Figs. 153 - 155). These authors found the length to be 10 - 15 mm and they did not 
mention the intestinal swellings in VII. 

Including the species Enchylronia Umgispcmutiheca sp. n., Marionina camhnnsis 
O'Connor, L963 and M. tubifera Nidscn cl Christensen, 1959, the cnchytracid species 
list for Czechoslovakia coasisls of 58 Species (Propappidac excluded) (Chalupsk^, 
1988). 
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A CASE OP AN EXTREMELY LOW SHARE OF THE O-AGE GROUP ON THE TOTAL BIOMASS, 
PRODL'CnON AND RATION OF THE PERCH (PERCA FLUV1ATIL1S) POPULATION 

Jan KUBttKA 

Hydrobiological Institute, Czechoslovak. Academy of Sciences, Na sidkich 7.370 05 feskl Budijovicc, 

Czechoslovakia 

Abstract. The abundance, biomass, production and ration of the (X-age class of the perch (Fired 
fluviasilis) •w, tstimated R-times during the period of May 19&5 - January 1986 in the ftlmov Reservoir 
(Southern Bohemia). Due to high mortality of early larvae and to high mortality of juvenile* in the period 
of mid June * odd August, the 0-»gc group represented only 17.7 % of the total perch production, 6.5 % of 
total perch population ration, and 0.S4 % of the average total perch biomass (although 0-group represented 
99 ‘J&of the average yearly perch abundance). 

Only small influence of 0-agc class of perch on the population of Daphnia galeata was observed. Such 
situation seems to be typical for the suppressed'* year classes in the cycling perch populations. 

INTRODUCTION 

Many studies show the great importance of 0-agc group in the production of the fish 
populations (Mathews, 1971, Ccrnf et PivniCka, 1973, N y b c r g , 
1979, P i v n i 6 k a , 1979, Morgan et ah, 1980, Treasurer, 1989 etc.) and 
in the total influence of the fish population on the food organisms (Mills et For¬ 
ney, 1983, Van Densen et Vijverberg, 1982, C r y c r cl a!., 1986 
etc.). The amount of biomass comparable with the biomass of adult stock is often 
produced during the 1st year of life (from the original biomass of about 5 % of adult 
stock, i. e. the biomass of the newly hatched larvae). High mortality rate occurs 
regularly. 

This study was aimed to estimate the production, number, growth, biomass and 
ration of the suppressed perch year class (i. e., the age class that is under strong 
cannibalism caused by the previous dominant year classes - comp. Menshutkin 
ct Z h a k o v , 1964) and to compare them with the parameters of the total perch 
population. 


MATERIAL AND METHODS 

TTve estimation of the abundance, biomass, production and ration of the O-age group was done in the 
ftfmov Reservoir (Southern Bohemia, area 2t0 ha, attitude 470 m above the sea level, volume 33J.10 6 n\ 
for a more detailed description see Stach el Kubeika, 1990). The abundance of the 0-age grovp 



or the perch (Perea fluviatilis) was estimated 8-times during 1985: 

1. On April 28-th (the date of culmination of the spawning of the perch females), the population fecundity 
of perch was estimated using the data of adult stock abundance (K u b c t k a , 1990 a) and the body 
length-fecundity relationship according to Z4 I e s k f (1996) The se* ratio in the perch population was 
supposed to be 1:1 (Svitora, 1961) 

2. On May 12-th (the time of mass hatching), the estimation of the population fecundity was decreased by 
25 % (nonfertilised and destroyed eggs, incubation losses - sec Treasurer (1983), M e I a r d et 
P h 11 i p p a r I (1984) our direct observations of the proportion of dead eggs in clutches) 

3. During May 16 - 23-rd, quantitative samplings of pelagic larvae by the Clarke Rumpus Sampler (diameter 
30 cm) were done at the depths 0 - 30 m (see Kubefki et Slid, 1990). The sampling of May 22-nd 
provided Ihc moat reliable estimation of the larval abundance (majority of them moved to the depths about 
20 m on the developmental stage C, - according to L a a g e et aL (1977); the recruitment of newly hatched 
larvae became low at this time). The coefficient of variation of the catches of the perch larvae in different 
depths was 14 %. The census of larvae was done according |o their real proportion of the depths of 20 m 
and more in the reservoir. 

4. On June 12-th, the next census of the perch larvae using the conical net with the diameter 1 m and the 
mesh 1 mm was done (see Kubefki ct Slad, 1990) This census wma also made according to the 
proportions of the depths 20 m and mote and multiplied twice due to the gear avoidance behaviour of the 
larvae. The assumption of 50 % avoidance of larvae in the June sample was developed as the most probable 
number. 'Die avoidance behaviour of perciform larvae occurs in a quite early developmental stage (8 mm 
length larvae - Noble 1970). I suppose an equal probability of larvae to avoid the sampling gear 
compared with the probability to be caught (i. e., catchability coefficient 0.3). A smaller catchability 
coefficient (0.3) is often used for postlarvae and juvenile* in the Soviet literature (Boittov 1980 etc.) 
A: the same time (on June 14-th), the estimation of the catch per area of littoral was done. Results of both 
types of estimation together give the 0-age class abundance. 

5., 6., 7. The June 14-th catch per area of littoral census was repeated again: on July 13-th, August 15-th and 
September I9-th. The coefficient of variation of the estimated abundance of perch fry in littoral was 27%. 

8. The abundance of the perch try to the date of January 15-th was calculated using the yearly survival rate 
of 0.333 (according to P i v n i t k a , 1982) and the results of the mark - recapture census of the 1985 year 
class in July 1986 (see KubcCka, 1990 a) 

In total 4.511 individuals of larvae were caught, the number of the fry caught was 5,832 individuals. 

The weights of lai\*e were determined on the basis of their average lengths (Kubtfka et Slad, 
1990) using the length-weigth relationship of Kuznetsov (1972) until July 14-th. liter, the length- 
weight relationship of Kubefki (1984) derived in the KJffava Reservoir was used. 

Using the data of abundance and weight of fish and the methods described in detail by Kubefka , 
1990 b, the values of the biomass, production, and ration of the 0-age group of the perch during all their 
life in the season of 1985 were estimated. These values were compared with the values of Ihc abundance, 
biomass, production and ration of the rest of the perch population (from K u b e ( k a, 1990 a). 


RESULTS 

The development of the abundance of the 1985 year class of the perch in the Almov 
Reservoir is given in Fig. 1. The initial abundance of the eggs was estimated as 25 614, 
700 inds-ha" 1 . The abundance of the larvae decreased 20 times during the first 10 days 
after hatching. The daily mortality rate was 32 % (see Tab. 1). 

In the next phase the mortality decreased slightly, but the mortality rate increased 
again after the return of the perch fry into the littoral «>ne, and the abundance 
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Table t. The production, average biomass, daily mortalities, daily retkxu and daily production* at the pen 
O-age dan in the ftimov Reservoir in 1985 computed for tha time intervals between the abundaua 
ceuufa 


Time interval 

Total 

product. 

kgh.- 1 

Average 

biomass 

kg.h>‘ 

Daily 

mortality 

% 

Daily 

ration 

Meal-ha** 

Daily 

production 

k*ha** 

12. V. - 22. V. 

2.65 

10,1 

32 

2,44 

0.265 

22. V. - 12. VI. 

4.95 

2,02 

6.5 

1.0 

0,236 

12. VI.-13. Vll: 

4.24 

2,04 

10,1 

1.71 

0,136 

13.Vtt.-15. VIII. 

U* 

0.71 

8.6 

0.46 

0,039 

15. VIII. -19. IX. 

0J9 

0.40 

U 

0.072 

0.011 

19. IX. -15.1.1986 

0,15 

0,44 

0,27 

0,026 

0,0012 


decreased more than ten times each month (from mid-June to raid-August). The nea 
decrease of mortality rate was observed during the autumn. 

The quick decrease of the abundance of perch fry resulted in the decrease of tie 
average biomass, daily production, and ration. Due to the growth the biomass and 



Fig. 1. The decrease of abundance of the 0-age group of perch in the season 1985 in the fcme 
Reservoir (Line A) compared with the same parameter of the Klffava perch reported by C e r n y d 
P i v n i i k a (1973, line d* P> The area of histograms represents the distribution of the perch fry mica 
during the season (ration.day** on the y-axis. number of days on the x-axis). 
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production were not continuously decreasing (in the case of daily production, the factor 
of decreased abundance seems to be the most important). The expression of the areas 
of the ration in the histogram in Fig. 1 represents the distribution of the ration 
consumed during the months of 1985. 

The average abundance of the 1985 year class during the first year of life was 
488,274 inds.ha’ 1 , which is 99 % of the abundance of the perch in the reservoir. The 
total production of 0-agc group was 13.66 Jcg.ha, which represented 17.7 % of the total 
production of the perch population (with the exception of obligate piscivorous 
individuals). The total calculated ration of the O-age group was 1193 Mcal.ha’ 1 , which 
is 6.46 % of the total ration of the perch population in 1985 (also without piscivorous 
individuals). The average biomass of the perch 0-agc group in 1985 was 1.19 kg-ba* 1 , 
which is 0.54 % of the total perch biomass (without piscivorous individuals). 


DISCUSSION 

The extremely low share of the 0-agc class in (he biomass, production, and ration of 
the perch populalion docs nol agree with the majority of literature data (see 
Introduction). I believe that such a picture is typical in the case of the perch 
populations, exhibiting cyclic appearance of strong year classes followed by several 
weak ones (see Menshulkin ct Zhakov, 1964, Craig, 1987 etc). The 
initial abundance of eggs was relatively high (Fig. 1) also when evaluated according to 
our observation. The first critical phase of ontogeny seems to be the interval between 
hatching and filling of the swim bladder and the start of exogenous feeding (in this 
phase also the migration into depths 10 - 20 m occurs). Comparable literature data of 
daily mortalities are: 63 % - Treasurer, (1989), 25 % ~ Menshutkin ct al., 
(1968), 36 % - Viljanen et Holopainen, (1982). Daily mortality within the 
range of 20 - 40 % probably occurs when the larvae of perch are considerably food 
limited (comp. Menshulkin et al., 1968). Majority of larvae caught in the ftfmov 
Reservoir had empty digestive tracts or had 1 or 2 food organisms in the gut - S 1 a d , 
1988; much more food items ~ up to 32 - were found by Treasurer, 1989, in the 
case of probable absence of food limitation. 

The phase of pelagic life exhibits smaller losses, supporting the conception of the 
ichthyoplankton phase as an adaptation to survive predation (W h i t c s i d c ct al., 
1985, Post et McQueen, 1988). No perch larvae were found in the stomachs of 
adult perch(Kube£ka, 1989). The predation increased considerably during the 
demersal phase of life. The daily values of mortality stated for the O+ juveniles in the 
review of Treasurer (1989) - 2 to 9 % - are often lower than our values 
observed. Also the crossing of the plots of the abundances of the 0-age groups of perch 
in Kll&va and ftfmov Reservoirs (Fig. 1) illustrates the extremely quick decrease of the 
perch fry abundance in the ftfmov Reservoir, which in probably due to the cannibalism 
of older age groups of pcTch here. The total abundance of adult perches in the ftfraov 
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Reservoir was 4,630 inds.ha' 1 in July 1985. The presence of approx.-2,000 indsJu* 1 / 
other fish species (roach, bream) was still unable to damp the strong self-regulation r> 
the perch population 

Two phases of extremely high mortality are responsible for the low values :l 
production and radon (see Tab. 1) of O-age perch. Attempting to estimate IV 
predation effect of the 1985 year class of perch on the population of Daphnia galea 
using the data of stomach analyses of perch fry from 1985 - 1987 in the 
Reservoir (2>. galeata constituted a considerable part of the diet of the perch fry - 2 
and 40 % in August and September - according to S1 a d, 1988) we can conclude, tk 
in only 10 % of the yearly ration Daphnia represents a considerable part. Therefore ih 
summary effect of the O-age class of perch on Daphnia is less than 1 % of the effect i 
the adult part of population (preference of D. galcaia by adult perch is high - Kubt! 
k a , 1989). Similar life history and small influence of O-age group can he supposed fa 
other weak year classes of perch in ftfmov (1983 - 1988). 
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THREE NEW STEC1ES OF PSBUDACHORlTlNl (COU-EMBOUs NEANUR1DAE) 

Josef RUSfc’K 

Institute of Soil Biolog)’. G«h<*k*vak Academy c«f Science*. Na UdkAfh 7, 370 05 Ccski B“dijo«a 
Czechoslovakia 

A b 1 1 1 1 cl Two new Psfudachonaes And one new Gtanonutlda ipecie* from Sibma end Canada K 
described Pseudachomus Columbian sp n (Canada, British Columbia), Pxudochoruta abmeus sp i 
(USSR. Sibma) and Grantmunda btacaUca &p n (USSR. Sibina) 

During studies of a rich material of representatives of the tribe Pscudachorutini sora 
new laxa were discovered. Two new Pseudachamtes and one new Grananunda specie 
arc described in the present contribution. 

Pscuduchorutes columbicus sp. n. 

(F.p 1.3) 


Diagnosis: Body 0.7 jim long, blue. Antennal segment IV with undivided 
apical papilla and five thickened, relatively short sensillae. Mandible with three tectk 
maxilla with one needle-like lamella and with two minute apical teeth on the second 
one. Postanlcnnal organ with 6-7 peripheral vesicles arround circular base. Seta ri 
missing on metanolum. Tibiotarsus with one dorsal knobed tenent hair,claw witl 
minute inner tooth. Dens with six setae. Mucro straight, with large dorsal lamella. 

Description: Body thickset, 680 *im long and 215 wide, blue. Tntegumett 
coarse granulated, secondary granules 2 - 3 /on in diameter. Setae 10 - 18 nm long 
scnsillac thin, 12 - 18 pm long. Chaclotaxy (Figs. 1A, B) as in following formula: 


I 

a 

m 8 
P - 
pi 1 


II III I II 

10 8 2 6 3 6 

2 1 2 2 » 2 

10 10 10 10 

2 3 2 2 


m iv v 

6 8 6 

2 2* 

10 10 6 

2 5 2 


l m4 present. 2. m2 miwmg, 3 a2 and a4 raising 4 m4 traiufered into p-ro«r 


Head with unpaired dl and aO chaeiac (Fig. 1A). 

Lateral scnsilla s on meso- and metanotum thin, 14 jim long. Sensory peg s' only oa 
mesonolum present. Scnsillac p3 on meso- and metanotum and p4 on abdominal 
lergites I - V not well differentiated from common setae. 
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Fig. 1 FifudcKhamlK coiumbicus s p n A - dorsal chactotaxy of head and thorax,' H - dorsal chaetotaxy 
of abdominal sepnenU t - VI Scale A, B -100 »im 


Antennae shorter than head, as 90 : 130 /ira. Antennal segment IV with five 
thickened scnsillac and with undivided apical papilla (Fjg. 2A). Antennal organ III (Fig. 
2A) consists of two long sensillae, two bent sensory pegs between them and further 
sensory peg ventraUy. 

Labrum prolonged in a short rostrum. Labral chaetotaxy 4/3322 (Fig 2D). Labium 
witli acuminate apex, chaetotaxy as in Fig. 2B. Mandible with three teeth (Fig. 3C), 
maxilla with two lamellae, one is needle-like, the second one with two minute apical 
teeth (Fig 3B). 

Postanlcnnal organ with circular base, 4 pin in diameter and with 6-7 peripheral 
vesicles (Fig 3E). 8-8 eyes, 5-6 pm in diameter (Fig. 2C). 

Tibiotarsus with one dorsal knobed tenent hair, 38 pm long Claw 30 pm long, with 
one small inner tooth. 

Ventral tube with 4 + 4 setae (Fig. 3A). Retinaculum with 3+3 teeth and without 
setae. Furca well developed (Figs. 3A, D). Mucro straight (Fig. 3D), dens with six se¬ 
tae and coarse granules dorsally (Fig. 3D). Manubrium: dens: mucro as 60:25:10 pm. 
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Fi|. 1 Pteudachocuia Columbian sp. n. A - dorsal chaetouxy of antennal segments HI and IV; B - left 
part of labium; C - eyes and postantenna! organ; D - labrum. Scale: A - D - 20 fim. 



Fig. 3. Psrudochoruiet wlumbicus sp. n. A - ventral chaetotaxy of abdominal segments I - VI; B - 
marilln; C - mandibles; D - dorsal side of dens and mucro; R - postantennal orgsn. Scales: A - 50 »un: B - E 

- 20 »un. 
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Variability: Variability of chactotaxy was studied in ten specimens. 
Symmetrical variability (the same seta missing on both sides of the segment) was 
observed in three specimens: in one male was missing m2 on pronotum and pi on 
abdominal tergite IV, in other a4 on abdominal tergite III, and in one female p2 on 
meso- and a2 on metanotum. Asymmetrically missing setae were observed in the 
mentioned specimens with symmetrical variability and in three ocher specimens: m2 on 
pronotum (ones on left and twice on right sides); a4 (once on left and right sides), and 
a2 (once on right side) on mesonotum; al (once on right side) and p2 (once on right 
side) on metanotum; al (once on left side) on abdominal tergite IV. 

Affinities: The new species is related to Pseudachomtes corticicolus (Schaffer, 
1896). They differ dearly by the mandibles with two teeth, missing m4 seta on 
abdominal tergite IV and by the larger body (1.2 mm) in P. conkkolus. There are five 
thickened sensillae on antennal segment IV in P. cortickolus, too, but they are much 
longer and slender than in P. cotumbicus sp. n. 

H o I o t y p e No. 9. 10. 1974/C-36 in the collection of the Pacific Forest Research Centre, Victoria, 
B. C, Canada, pa retype* io author's collection in the Institute of Soil Biology, Czechoslovak Academy of 
Sciences, Ct»k6 Budfcjodce. 

Locus typicus: Canada, British Columbia, Vancouver Island, Victoria, John 
Dean Park, sample of bark and rotten wood from a dry Douglas fir log in a forest 
stand, 9.10.1974 384 specimens, J. Rusek leg.. 

Derivatio nominis: The name is derived from the terra typica, British 
Columbia. 

Pseudachorvtes sibificus sp. n. 

4,5) 

Diagnosis: Body 0.9 mm long, blue. Antennal segment IV with trilobed apical 
papilla and five long, thickened sensillae. Mandible with two teeth, maxilla with one 
needlc-like lamella and with two minute apical teeth on the second one. Postantennal 
organ with 19 narrow peripheral vesicles arround circular base. Meso- and metanorum 
with setae a2 and m4. Tibiotarsus without knobed tenent hairs, claw with large inner 
tooth. Dens with six setae. Mucro straight, with low lamella. 

Description, Body thickset, 940 pm long and 260 nm wide, blue. Integument 
coarse granulated, secondary granules 2 * 3 nm in diameter. Setae 12 - 18 pm long, 
sensillae thin, 30 - 40 pm long. Chactotaxy (Figs. 4A, 5A) as in following formula: 
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.2 

5 

2 


L. n>4 present, 2. *2 missing 
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Kig. 4. Piaulachoruut sibkicus ip tv A - doml chaciotaxy of haed, pro- and mcvondum; B - 
posts nicnnal organ and eyes; B - dorsal chaeioUxy of antennal segments HI and IV. Scales: A - 50 pm; B, C 

• 20 *un. 

Head wiih unpaired medial seta dl and aO (Fig. 4A). 

Lateral scnsilla s on meso- and metanotum thin, 30 pm long (Fig. 4A). Sensory rods 
only on mesonotum present, 3 *xm long. p3 on meso- and metanotum and p4 on 
abdominal tcrqites I-V are thin sensillac. Antennae shorter than head, as 170 : 200 nm. 
Antennal segments I;II:III;1V as 40:30:40:60 nm. Antennal segment IV with five 
thickened, long and bent sensillae (Fig. 4C) and with trilobed apical papilla. Antennal 
organ III (Fig. 4C) consists of two long sensillae, two bent sensory pegs between them 
and one further sensory peg ventrally. 

Labrum prolonged in a short rostrum. Labral chactotaxy 4/3322. Labium with 
rounded apex, its chaetotaxy as in Fig. 5D. Mandible with two teeth, maxilla with one 
needle-like lamella and with two minute apical teeth on the second one (Fig. 5F). 

Postantcnnal organ with circular or slightly elliptical base 10 /ira in diameter and 19 
narrow peripheral vesicles (Fig. 4B). 8 + 8 eyes. 

Tibiotarsi without knobed tenent hairs (Fig. 5B). Claw 40 nm long, with one large 
inner tooth (Fig. 5B). 

Ventral tube with 4 + 4 setae. Retinaculum with 3 + 3 teeth and without setae. 
Furca well developed (Fig. 5C). Mucro straight (Fig. 5B). Dens with six setae and 
coarse granulation (Fig. 5C). Manubrium: dens : mucro as 30 : 30 : 12 /mi. 
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Fig. 5. Pieudaehnrutes iibaicus tp. n. A * dorsal chaetotaxy of abdominal segments l - VI; B - 
tibiounuus and claw III; C - dorsal chaciotaxy of furca; D - chaetouiy of labium; E - mandible*; F - 
maxilla; G - round. Scale*; A - 50 »un; B - 30 nm; C, D - 20 |im; t - G * 10 pm. 

Affinities: The new species is related to Pseudachomtes dubius Krausbauer, 
1898. They differ dearly in the chaciotaxy of meso- and metanotum. Setae a2 and a4 
are missing on meso- and metanotum in P. dubius. 

Holoiype No. 24. 5. 1973/A-219 and paratypes in author* collection. Institute of Soil Biolop', 
Czechoslovak Academy of Science*, £. Budijovicc. 

Locus typicus: USSR, Sibiria, at the 64th km of the road from Irkutsk to 
Kultuk, in soil sample from a birch taiga with sparse trees of Pinus centbra, Abies sp. 
and Populus sp. and with grasses, Vaccinium myrtillus and mosses in understory, moist, 
24.5. 1973, 7 specimens, J. Rusek leg. 

Further localities: USSR. Sibina, at the 64th kin of the road from Irkutsk to Kuiluk. in 
winpk of wet musses and lichens with 3 • 5 cm deep layer of black tmcroarthiopode rrvoder fiom north fare 
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of a cock outcrop io a Pifius cembro stand. 24. 5. 1*773 one specimen, J. Ru&ek leg.; - USSR Sibiria, at the 
64th knt of the road from Irkutsk to Kultuk, in sample of litter and swampy mil from an ***” u, f* wi 
sparrt birches and Pinus tembra, 24 5. 1973 five specimens, J. Rustic leg.; - USSR. Sibiria. a« ,he 64,11 km 
the road from Irkutsk to Kultuk, in sample of needle-litter and black moder from taiga donated by Pin* 
ctmbra and Pinia sibtrica with sparse birches and with Vaccuuum mynUlus and mosse* in uH^tory, moitt 
24. S. 1973 one specimen, J. Rusek leg, 

Dcrivaiio nominis: The name of the new species is derived fr° ra ,J| c lcm 
typica. 

Grananurida baicalica sp. n. 

(Tig*. 6 - 8) 

Diagnosis: Body 0.9 mm long, pale yellow. Antennal segm ent * v ^ 
undivided apical papilla and five thickened sensiilae. Mandible with three i cclh > mudb 
with two needle-like lamellae. Postantennal organ circular, with 20 vesicles arranged in 
a morula. Meso- and metauotum without m4 seta. Tibiotarsi without knobed teneal 
hairs, claw with one inner tooth. Ventral tube with 4 + 4 setae. Furca strongly reduced 
into a round papilla with 4 + 4 setae. 



Fig. 6. Grananunda baicalica sp. n. A - dorsal chactolaxy of hacd and nota and second*^ granules m 
left half of hacd; B - maxilla; C - mandible; D - lamella of hypopharynr, E - postantei mal or 8 an * r! 
secondary granules; F - left part of labium. Scales: A - 50 pm; B - E - 20 pm. 
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Description: Body thickset (Figs. 6A, 7A), 900 pm long and 340 pm wide. 
Pale yellow, with sparse grains of dark pigment. Integument very coarse granulated 
(Figs. 6A, E, 7D), secondary granules 8 - 10 pm in diameter, on some body parts 
exceptionally smaller. Setae 15 - 17 pm long, not differentiated into macrochaetac, 
sensilUc 30 - 35 pm long. 

Chactotaxy as in following formula (Figs. 6A, 7A): 

i n ni i n hi iv v 

a - 88626 6 8* 6 

m 6 ... . ... 

p - 10 l 10 10 3 10 10 10 8 

pi I 2 2 2 2 3 3 2 

I. p3 S sensilla, 2. a2 and a4 missing. 3. p4 is sensilla, 4. a2 missing 

Head with unpaired medial dl seta (Fig. 6A). 



Kg. 7. Crananurida bakatka sp. n. A - dorsal chsetolaxy of abdominal segments I - VI; B - rest of 
reduced furca; C - labnim; D - secondary granules on haed. Scales; A - 50 pm; B - 20 pm; C, D -10 pm. 


127 



Lateral seosilla 5 on raeso- and metanotum thin, 33 /im long. Sensory pegs preser: 
only on mesonotum, 2.5 nm long. 

Antennae shorter than head, as 120 :190 nm. Antcnal segments I ; II : UI : IV as 
30 : 25 : 20 : 45 »xm. Antennal segment IV with five thickened sens iliac and undivided 
apical papilla (Fig. 8A). Antennal organ III (Fig. 8A) consists of two long sensillae, two 
small sensory pegs between them and one sensory peg ventrally. 

Labrum prolonged to short rostrum. Labral chaetotaxy (Fig. 7C) 6/3 4 2. Labium 
with acuminate apex and chaetotaxy as in Fig. 6F. Mandible with three teeth (Fig. 60, 
maxilla needle-like. Hypopharynx with franged, thin lamella (Fig. 6D). Without eyes 
i’ostantcnnal organ circular, 8 nm in diameter, with 20 vesicles arranged in a morulb 
(Fig. 6E). 



Fig. 8. Gratuxnurida baica/ica sp. n. A - (Joint ehaetoiaxy of intermit segments III and IV; B - apical 
part of leg 111. Scale: A, B - 20 *im. 

Tibiotarsus without knobed tenent hairs (Fig. 8B). Claw 30 *im long, with one inner 
tooth (Fig. 8B). Ventral tube with 4 + 4 setae. Retinaculum missing. Furca reduced to 
a circular papilla, 23 jem in diameter, with 4 + 4 short setae (Fig. 7B). 

Affinities: The new species differs from the only known representative of the 
genus Granunurida luberculalu Yosii, 1954 by longer sensillae on antennal segment IV, 
especially a and c, missing seta m4 on mesonotum and by presence of 4 + 4 setae on 
ventral tube. There arc some other differences between these two species, as for 
instance longer setae (c. g. on labium), constant three teeth on mandible and shorter 
body in the new species, but it should be prooved how constant arc those characters in 
G. tubertMlafa 
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Hololype No. 23. 5. I973/A-2Q7 and paratypes in author's collection. Institute of Soil Biology,, 
Czechoslovak Academy of Science*, C- Budfjovice. 

Locus typicus: USSR, Sibiria, near the road Irkutsk - Bajkal Lake, 10 kin 
north of Bolshaia Ricchka village, on W slope ncar Angara River. Sandy soil sample 
from a willow stand with sparse grasses in understory, 23. 5. 1973 six specimens, J. 
Rusck leg. 

Putthtt localities: USSR,Sibiria,Listvjanka village on the NO coast of Bajkal I.akc. Humus 
sample (20 cm deep) from a birch tajga (with sparse pines) with rich understory p{ l^dum patuare, 
Rhododen&on tbOuiricxun, Vaccinium *p., Rosa sp, mosses and lichens; mesic conditions, moderate W 
slope, 23. 5. 1973 ooc specimen, J. Rusck leg.; - USSR. Sibiria, at the 64 kra of the road from Irkutsk to 
Kultuk, ranker soU **mpCe coveted with lichens and needle litter from the top of a rocky hill with sparse 
Pinus embra stand, 24.5. 1973 two specimens, J. Rusek leg.; - USSR, Sibiria, at the 64 ton of the road from 
Irkutsk to Kultuk, soil sample from a meadow dominated by grasses, Alchemilla sp., PUuuogo sp. and 
mosses, cambisol, 24. 5. 1973 one specimen, J. Rusck leg; - USSR Sibiria, at the 64 km of the road from 
Irkutsk to Kultuk. sample of soil covered by I cm deep layer of needle litter, from a pine tajga dominated 
by Pinus cembro, Pinus siboica and P. syfvarica and with birches, Vaccinium myroJIus, Rosa sp. and mosses 
in understory, 24,5. 1973 one specimen, J. Rusck leg. 

Dcrivatio nominis: The name of the new species is derived from the 
Baikal Lake. 
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METACERCAR1AE OF TBEMATODK5 FROM FISH IN VIENTIANE PROVINCE, LAOS 

Tomii SCHOLZ 

Institute of Parasitology, Czechoslovak Academy of Sciences, Braniiovski 31,370 05 C'tsU Budijovice, 

Czechoslovakia 

Abstract. Tlie paper presents a systematic survey of trerr.atode metareresriae found in 918 
freshwater fish from Lae*. A tcul of 14 species (Bucephakpnt sp. 1, Rucephaiapsu sp. 2, Bncyclomena 
coiubrimumrum, Plagiorchiidae gen. sp., Cryptogor.imidac gen. sp., Pouhodipiouomum grayi, Prohemistcv 
matidae gen. sp., Opisthorchis viverrini, Cmnocestus formosanus, Haplonhis pumdio, H. taichui, Sielkuu- 
chasmus falcafus, Hapiorthoides mehrai , and metacercari* type 1) were found. All species, whose 
description and figures are given, have been recorded in Laos for the first time. The new host records are u 
follows: Channa striata for E. columbrimurorum metacercanae, Trie hop sis sp. and Anabas testudineus for P. 
grayi, Esomus lorgimana for C. formosanus and 12 species of cyprinid fish for tl. mehraL 

During ihe study on opisthorchosis carried out in Laos in 1989*), fish as potential 
second intermediate hosts of the trematodc Opisthorchis viverrini (Poirier, 1886) were 
examined for the presence of mctaccrcariae. In addition to O. viverrini larvae, 
raetacercariac of other trcmatodcs were found. Since no data on fish helminths in Laos 
arc available, the present paper surveys the findings of trematodc larvae in fish from 
Vientiane province. Material of adult trcmatodcs found in fish from Laos is evaluated 
in other paper (S c h o I z 1991). 

MATERIAL AND METHODS 

A total of 918 fish of the following 61 specie* were examined (nomenclature after K o 11 e I a t 1989; 
number of specimens in parentheses): 1 . Notoptems chttaia (Hamill.) (2), 2. N. notopterus (Pall.) (3) 
(NotopteruJae); 3. C/upnchihys aesarnemu Wongratana (28) (Clupeidae) 4. Rarbodes cf.fad (Fowl.) (5), 5. 
R. gonionotiu (Bleck.) (47), 6. R. schwanenftldd (Bleek.) (26), 7. Cirhmus fvllieni auct. nec Sauvage 
{ = HenicG/hynchus siantensis Sauv.) (5), 8. Croxsochetlus sp. (7), 9. CydocheihcMtys arman/s (Valenc.) (8), 
10. C. repauon (Bleck.) (30), 11. Cyclochrdictuhys sp. (1). 12. Cyprinm corjHo 1_ (5). 13. Esomus longimana 
(I.unel) (167), 14. flanipaia dispar Smith (114), 15. //. macrolepidota Kuhl et van Hassell (36), 16, 
Latnobarbus iineams (Sauv.) (4), 17. Mystacoleucus margmuius (Vaicnc.) (30), 18. Osieochtlus hassein 
(Valenc.) (1), 19. O. ? murocephaius (Valenc.) (2). 20. Faroe hr Li oxygasiroida (Week.) (6), 21. Paralaubuca 
cf. rypus Bleck. (1), 22. Puruioplites prociozysron (Bleck.) (5), 23. Fundus darupbam Smith (IX 24. P. 
leiacanlhus auct. nec (Bleek) (■ F. brews (Bleck.) (25), 25. P. orphoides (Valenc.) (2). 26. Puntuis sp. (35), 
27. Raiomas guUatus (Day) (19), 28. R borapeimsis Smith (60), 29. Rasbora dnnkonius (Hamilton) (1), 30 
Xenocheilichthyt (~ Sikukki) gudgeri (12), 31. Cyprinidae gen. sp. juv. (? I\ndus sp.) (65) (Cyprinidac); 32. 
I^pldocephahchihys berdmorti (Rlyth) (IX 33. L. micropogon (Blytb) (6) (Cobilidae); 34.. 


+ ) The study was a pari of the project ..Studies on epidemiology and morbidity of tome parasitic disease* 
in I-aos" carried out on the basis of bilateral scientific-technical cooperation between Czechoslovakia and 
Laos 
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Mystus nlgriccps (Valenc.) (1), V. M. rhrgma FowL (4), 36. M. viaatus (Bloch) (2), 37. Mystui sp. (2) 
(Ragridnc); 38. Krypiopurrus ciyptoptcrui (Week.) (3). 39. Ompok bimaculatus (Dloch) (2) (Silurktae); 40. 
Louie, haonema (Week.) (I). 41. Pangoaus sp. (4) (Pangasidae); 42. Clanoi batracbus R. (3) (Clariidac); 
43. Xenemodon cancila (Hamill.) (11) (Belomdae); 44. DorytcWiys dcokbasoldts (Week.) (1) 
(Syngnathidac); 45- Monopterus alb us Zuiew (1) (Synbrachidae); 46. Panvnbassis punciulato (Fraser- 
Brunner) (3) (Ambassidae); 47. Damioida microlepis Bfeck. (1) (Lobotidae); 48. Prissoltpis fasciola Bleek. 
(3) (Nandidac); 49. Ortochnmis nUodcus (L) (5) (Cichlidae); 50. Tukugobiut cf. occUaau Fowler (8) 
(Gobiidac); 51. Anabas latuduicus (Bloch) (13) (Aiubantidae); 52. Beaa cf. smaragduui Udig. (3), 53. 
Trukogcutcr peaomUs (Reg.) (3), 54. T. oichopums (Pall.) (IS), 55. • 56. Trichapsis schaUai Udig. and T. 
i-icara (Cuv.) (19) (Bclontiidae); 57. Ospbronemus goramy Lacep. (16) (Osphroncmalidae); 58. Channa 
striata (Bloch) (20) (Channklae); 59. Mucrognuthus siamensis (Gunth.) (4). 60 MasttXembelus favus llora 
(5) (Mawacembelidae); 61. Tetraodon leiurus Week. (3) (Teiraodontidae). 

Pish were identified according to keys and description* in books of Smith (1945) and Tiki 
(1974). Identification of fixed Hah (211 sped mens) was revised by Dr. Maurice Kottelat fmin Zoologische 
S«aat«ammlung. Mvinchcn. Germany. Fish were caught with trawl or landing net; a small part of fish 
originated from local fishermen. List of localities and number of fish examined is given in Table I. The 
dissection of fish was concentrated to the examination of their flesh because the main aim of the study was 
the investigation of the occurrence or O. vwerrvti metacercariae localized nearly exclusively in muscles. 
Inner organs, gills and fins were examined only in a part of fish. Flesh compressed between two glasses was 
observed under dissecting microscope with the magnification 31 x. A part of metacercariae from each host 
w3s isolated from host tissue and identified under light microscope. Some of them were fixed under cover 
glass by solution of concentrated picric acid and glycerin (1 : 1) or by 4 % formalin. Larvae were measured 
and figured both living and fixed. Figures were made with the aid of Carl Zeiss drawing attachment. 
Considering incompleteness of dissection of some fish hosts, the data on the intensity of infection are 
omitted. All measurements given here are in mi lime l rex. 

SURVEY OF METACERCARIAE 
Family Bucephalidae Pochc, 1907 

1. Bucephalopsis sp. 1 Fig. 1 A, B 

Description; cysts from muscles oval, measuring 0.18 - 0.25 x 0.11 - 0.19, cysts 
from fins somewhat smaller (0.14 - 0.19 x 0.06 - 0.12). Thickness of cyst walls 0.004 - 
0.018. Metacercariae mostly folded in cyst (C- or S-shaped). Space between larva and 
cyst walls filled in with numerous granules of two kinds. Measurements of 
metacercariae released from cyst 030 - 0.55 x 0.14 - 0.24. Their body surface covered 
with densely arranged, fine spines, up to 0.005 long; spines posteriorly smaller and 
more sparse. Anterior sucker oval, measuring 0.042 - 0.090 x 0.038 - 0.094; size of 
strongly muscular pharynx 0.032 - 0.049 x 0.030 - 0.046. Intestine sac-shapcd, measuring 
0.068 - 0.097 x 0.041 - 0.083. Excretory bladder elongated, 0.038 - 0.095 x 0.023 - 0.061 
in size. Anlagen of testis and ovary weakly visible, about 0.024 - 0.035 x 0.027 - 0.030 in 
size. Muscular genital bursa oval, measuring 0.055 - 0.092 x 0.022 - 0.030, situated near 
posterior body end. Numerous elongated, transversaly situated bodies filling 
mclaccrcaria, mainly its anterior part. 

Host and localities (see Table 1): Raiamas guttams (infected one fish: number of fish examined 
* see Material and Methods) - locality 2a; Barbodes gonivrwais (3) - 2b; Hampala dispar (1) - 2a; 
Mysiacvlcucas marginalus (JO) - 2a; Puo/uu dcnvphani (1). 2b; Sikukia gudgeri (4) - 2a, 2b. 
Localization: muscle*.fms. 
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Table 1.14*1 of localities and number of fish examined 


Locality 

N * full 

Fish specie**) 

1. Irrigation systems of rice fields, swamps 
Vientiane municipality. 



la. Sikh ay suburb of Vientiane 

19 

13, 24, 28,33,51 

52,55.59 

lb. swamp in Samgniekchinaimo suburb 

73 

13. 32,33.53, 54. 

55,58 

lc. Nong Sang'lboo suburb 

37 

13, 26.28.31 

Id. Kharauvath village 

98 

13. 26,28,31,42. 

49,51,54.58 

lc. Nong Ping village 

18 

13, 31.33.51,54, 

55,56 

If. That Luang suburb 

14 

13.31,51,55-56 

Ig. Dong Naxok suburb 

12 

13, 28, 42, 54. 

55*56 

lh. ponds in Nong Teng'riltage 

8 

12.13 

1i. canal Bung Salskham 

Toulakhom ditirici. 

23 

13, 24. 26, 28, 51 

52,55 - 56,58 

Ij. Nanin village near B. Keun 

Keo-Oudom district: 

13 

13, 26. 28, 54. 

55 - 56.58 

lk. pond* in HuaVto village 

7 

58 

11 . Pbonmi village 

86 

7,8,10,20,24, 

26, 28, 31 

lm. canal near Naxon village 

9 

7,8 

In. Phonsavath village 

2. Rivers 

Vientiane municipality: 

9 

13. 20, 28 

2.a. Mekong in Vientiane 

Toulakhom district: 

79 

1,5,9, 17,21,27, 

34,40,41,42,43,46, 

47,50,58,59, 60, 61 

2b. Nam Ngum near Nanin village 

11 

11.16,17. 22. 

23,30,44 

3. Water reservoir Nam Ngum*) 

386 

2,3,4.5, 6.10,14.15, 

16.17. 18. 19, 22. 24, 

25.26,28, 29, 34,35, 

37,38, 39.41,43.46, 

48,55 - 56,57,58,61 

4. Fish market (locality unknown) 

14 

14,45 

Total 

918 



+ ) List of localities at Nam Ngum water reservoir includes paper by D it rich etal. (1990> 
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Comments: mciaccrcariae from Laos correspond by shape of oral sucker, 
excretory bladder and caecum with members of the genus Bucephaiopsis, common 
parasites of marine or freshwater fish (Yamaguti 1958, 1971). According to K. C. 
Pandey (pers. comm.), they somewhat resemble the species B. multiglandulaius 
Pandey, 1%7. However, species identification of the larvae from Laos seems to be 
impossible. 



Ftg, 1. A, B - Bucephaiopsis «p. 1; C, D - ProhemistomatidM gen. sp.; E - Bucephaiopsis sp. 1 A, D, E * 
exeysted mclacervan*. B, C - encysted mctacercaria. 

2. Bucephaiopsis sp. 2 Fig. IE 

Description (after 1 fixed specimen): mctaccrcaria was found free, noncncysted, 
its measurements 0.67 x 0.22. Anterior sucker large, rhynchus-like, strongly muscular, 
0.095 x 0.135 in diameter. Pharynx almost rounded, 0.058 x 0.046 in diameter. Intestine 
sac-shapcd, measuring 0.116 x 0.068. Ovary anlagc situated immediately behind 
pharynx, 0.116 x 0.058 in size. Anlagcn of vhellaria elongated, localized behind anterior 
sucker near lateral body margin, 0.135 * 0.160 x 0.035 - 0.045 in size. Two testis anlageo 
situated laterally behind caecum and ovary anlagc, measuring 0.135 - 0.155 x 0.058 - 
0.065. Genital bursa muscular, 0.114 x 0.053 in diameter. 

Host and locality: Harbodes gonionotus (1) - 3. 

Localization: mmek* of pccioral fin. 
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Comments: morphology of the specimen indicates (hat it also belongs to the 
genus Buccphalopsis. Of the species described or figured in papers of Yamaguli 
(3971, 1975), Chen Chin-leu (1973), Tang and Tang (1976), Wang 
(1985), Bykhovskaya-Pavlovskaya and Kulakova (1987) and 
Muravct and S c y (1989), metacercaria under study is morphologically very 
similar to B. rhynchoboii Wang, 1985. This species, parasitic in Rhynchobatus djidensis 
in Fujian Province (China), has similarly rhynchus-like anterior sucker, viteliaria ic 
front of caecum, ovary and pharynx at the same level and testes obliquely one after 
other (Wang 1985). The species B. sibi Yamaguti, 1940, provided also with similar 
anterior sucker, differs by more posterior localization of viteliaria. They arc situated 
along caecum and reach to anterior margin of testis. Moreover, (his species was found 
in marine fish (Yamaguti 1971). 


Family Plagiorchidae Ward, 1917 

3. Encyxlometra cotubrimuromm (Rudolphi, 1819) Fig. 2 C 

Description (after one living, exeysted specimen): large, leaf-shaped 
mctaccrcaria measuring 1.50 x 0.72. Oral sucker nearly rounded, 0.21 x 0.27 in 
diameter. Rounded ventral sucker measuring 0.24 - 0.25, Prepharynx and oesophagus 
short (both 0.03 long), pharynx rounded, measuring 0.095 - 0.103. Intestinal caeca very 
long, reaching almost to posterior extremity. About forty small, drop shaped glands 
localized around pharynx and behind intestine bifurcation, connected by narrow ducts 
to several groups of 2 - 6 glands. Anlagc of cirrus sac situated near anterior margin of 
oral sucker. Excretory' bladder large, lobalc, forming about 8 lateral branches. 

Host and locality: Channa striata (I) -1 k. 

Localization: muscles 

Comments: the morphological features of the metacercaria are identical with 
those of trematodes of the genus Encyclometra Baylis ct Cannon, 1924, adults of which 
arc intestinal parasites of snakes; encysted metacercariac are found in flesh cf frogs 
and some fish as Macropodus operations and Misgumus anguillicaudutus (C h i a n g 
1951, Yamaguti 1971, 1975). Out of several species described, only three or four 
arc considered to be valid (Y e h 1958, D o 11 f u s 1963, Gupta and Mchro- 
t r a 1977). The equal length of intestinal caeca, presence of prepharynx and 
oesophagus of metacercaria from Laos indicate that the specimen belongs to the 
species E. colubrimuromm. 

Adults of this species are common parasites of snakes in Europe and Asia (Yama¬ 
guti 1971). Adults of E. colubrimuromm designated erroneously as E. caudata 
(Polonio, 1859) (see D o 11 f u s 1963) were found in Vietnam by J o y e u x and 
Houdemcr (1928). 
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Fig. 2. A, B - Pouhodipioscomum gray* (Verraa, 1936); C - Encydometra coJubrimurorum (Rudolph), 
1819). A, B. C - encysted metacercariae. 


4. Piagiorchiidae gen. sp. (? spp.) Fig. 3 
Description: cysts mostly rounded, 0.16 - 0.30 x 0.15 • 0.26 in diameter. 
Thickness of cyst wall rather variable, ranging from 0.004 do 0.038. Mctaccrcaria in cyst 
mostly folded, C-shapcd, measuring after liberating from cyst 0.27 - 0.55 x 0.11 - 0.20. 
Surface of body covered with transverse rows of spines. Anteriormost spines (6 - 8 
rows) large, up to 0.005 long; backward spines becoming considerably finer and less 
densely arranged. Oral sucker nearly rounded, 0.046 - 0.076 x 0.049 - 0.030 in size. 
Ventral sucker relatively small, 0.030 * 0.049 x 0.033 - 0.050 in size. Prepharynx, if 
prescnl, short (length 0.003 - 0.022). Pharynx large, strongly muscular, 0.020 - 0.0455 x 
0.027 - 0.052 in diameter. Oesophagus 0.023 - 0.103 long; intestinal caeca wide, not 
reaching anterior margin of excretory bladder, measuring 0.065 • 0.155 x 0.018 - 0.039. 
Hardly visible ovary anlage median or submedian, behind ventral sucker. Two testis 
antagen situated between intestinal caeca and anterolateral margin of excretory 
bladder, 0.015 - 0.023 x 0.023 - 0.031 in size. Cirrus sac anlage surrounding ventral 
sucker. Excretory bladder sac-shaped, sometimes almost Y-shaped, with short and wide 
anterior branches. Size of bladder 0.057 - 0.099 x 0.038 - 0.141. Number of flame cells 
estimated to be about 2 x 15 = 30. 
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Hoici and localities: Eumws longimana (32) - lc. Id, le, If, Ifc lh, jwv. (1) - Id; 

Raibota borapetcnsis (2) - Id; Cyprinidac gen. sp. juv. (6) - Id,, lc, 14 Anabea matdbma (2> - Id, It; 
TrichoRasur aichopuna (I) - If; Truhapsis tp. (1) - II; Channa saiata (I) - Id. 

Localization: muscles 

Comments: specimens studied belong to the family Plagiorchiidae Ward, 1917 (Y 
a m a g u t i 1971, 1975), probably to the genera Plugiorchis or Tremittrchii 
Differences in caecum length and shape of excretory bladder indicate that the presence 
of two species in material studied cannot be excluded. However, their separation and 
correct specific identification is not possible until the life cycle is elucidated. 



Fig. 3. Plagiorchiidae gen. cp.; A, D - excyited meucercaria; B, C - encysted tneucertmria. 


Family Cryptogonimidae Ciurea, 1933 
5. Cryptogonimidae gen. sp. Tig. 4 E, Y 

Description (after one fixed specimen): metacercaria measuring 0.42 x 0.15 
surrounded by partly damaged, transparent inner cyst wall. Body surface covered with 
numerous, densely arranged spines, visible only in anterior third of body. Rounded oral 
sucker 0.074 x 0.080 in diameter, armed with circumoral row of 28 simple spinet, 
measuring 0.010 - 0.011 x 0.003. Small ventral sucker oval, measuring 0.030 x 0.026. 
Prepharynx short (0.013), pharynx nearly rounded, 0.023 x 0.022 in diameter. Excreta? 
bladder weakly visible, probably oval. 
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Hoil und locality: Si*utoa gudgtri (1) - 2b 
Localization: anal fin. 

Comments: metacercaria was found in fixed specimen of S. gudgeri Therefore, 
many morphological details visible in living metacercariae have not been recognizable. 
Nevertheless, the presence of single row of dreuraora! spines on large oral sucker, very 
short prepharynx and small ventral sucker situated in middle body region of 
metacercaria indicate that it belongs to the family Cryptogonimidae Ciurea, 1933 sensu 
Yamaguti (1971). The metacercaria under study is morphologically very similar to 
members of the genus Ryjikovia Gacvskaya et Aleshkina, 1985. However, all hitherto 
described species of this genus parasiti/r exclusively marine fish (Gaevskaya ct 
Aleshkina 1985). Nevertheless, the occurrence of some Ryjikovia species in 
freshwater fish cannot be excluded because many trematodcs of the family 
Cryptogonimidac, c. g. Gyptogonimus, Centrovarium, Neochasmus, AUacanthochus- 
mus) arc aimmon parasites of freshwater fish (Yamaguti 1971). 

Family Diplostomatidae Poirier, 1886 
6. Posihodiplos to mum gniyi (Vcrma, 1936) Fig. 2 A, B 

Description (after two stained specimens): metacercariae measuring 0.88 - 1.68 
x 0 JO - 0.66 were found free in host tissue. Body divided in two parts. Leaf-shaped 
forebody measuring 0.52 * 1.28 x 0.30 - 0.66; hindbody considerably narrower, 0.36 - 
0.40 x 0.17 - 0.23 in size, provided with collar-likc bursa copulatrix surrounding genital 
cone. Size of bursa 0.045 - 0.075 x 0.119 - 0.141. Body surface covered with fine, very 
densely arranged spines. Rounded oral sucker small (0.023 - 0.031 x 0.024 - 0.027); 
ventral sucker 0.041 - 0.077 x 0.1)44 - 0.071 in diameter. Prepharynx very short (0.005 - 
0.008); pharynx small, measuring 0.016 - 0.027 x 0.011 - 0.016. Oesophagus 0.06 - 0.30 
long. Holdfast organ large, 0.083 - 0.141 x 0.106 - 0.160 in size, situated at the end of 
hindbody. Ovary anlage prctcsticular, submedian. Anlagcn of other genitalia filling a 
large part of hindbody. 

Hosts ind localities: Anabaiusmdintui(\)-U\Trichopsistp. (l)-li. 

Localization; muscles. 

Comments: the morphology of the specimens from Laos indicates that they 
belong to the genus Posthodiplosiomum Dubois, 1936. The trematodcs of this genus 
are common parasites of fish-eating birds; their metacercariae are found in many 
species of freshwater fish in America, Europe, Africa, Asia and Australia (Y a m a g u- 
t i 1971, Bykhovskaya-Pavlovskaya and Kulakova 1987). In 
Japan, metacercariae of P. podicipitis (Yamaguti, 1939) were recorded in perciform fish 
Oryzias talipes - Yamaguti (1971). Adults of other five species, P. cheni (Yang, 
1959), P. duboisi Rao, 1957, P. gruyii (Verma, 1936), P. larai (Refucrro et Garcia, 1937) 
and P. suni Lee, 1969, were found in birds from Southeast Asia (Yang 1959, Yam 
aguti 1971). 

Specimens under study are morphological very similar to those of the species 
Mesoophorrtdiploslomum (^Posthodiplostamum) cheni Yang, 1959 (Yang 1959). 
However, Dubois (1964) considered P. cheni and P. larai to be synonyms of P. grayi, 

137 



a common parasite occurring in India, Philippines and China. Consequently, we 
designate two metacercariae from A. testudineus and Trichopsis sp. as. P. grayu 

Family Prohemistomatidac Sudarikov, 1961 
7. Prohemistomatidac gen. sp. Fig 1 C,D 

Description: thick-walled cysts oval, measuring 0.36 - 0.41 x 0.30 - 0-38. 
Thickness of outer cyst wall about 0.020, of inner wall 0.035 - 0.040- Meta cereal oval, 
not folded in cyst, measuring after liberating from cyst 0.24 - 0.48 x 0.14 - 0.35- Three 
fourth of body surface covered with fine, dense spines, up to 0.003 long. Spines 
becoming shorter and thinner posteriorly. Oral sucker oval, 0.036 - 0.072 x 0.043 ' 0 076 
in size; ventral sucker 00.036 - 0.049 x 0.038 - 0.046 in diameter. Prepharynx very short 
(0.003), pharynx strongly muscular, oval, measuring 0.027 - 0.038 x 0.023 * 0.032. 
Oesophagus 0.032 - 0.072 long. Intestinal caeca reaching to holdfast organ. Holdfast 
organ large, measuring 0.063 - 0.097 x 0.053 - 0.090; its opening up to 0.015 long. Side 
of mclacercarial body filled in with numerous elongated, transversaly situated body. 
Excretory canals filled with dark, dense granules situated between intestinal ca ecu and 
out of them. 

Host and localities: Esontus longimana (1) - Id; Rasbora borapetmsis (1) - Id; Cypriot** gen. 
sp. juv. (3) - It ;Trichopsis viuaut (1)- lc. 

Localization; muscles. 

Comments: metacercariae are morphologically identical with larvae of genera 
Prohemistomum Odhner, 1913 and Paracoenogonimus Katsurada, 1914 of the family 
Prohemistomatidac Sudarikov, 1961. The genus Prohemistomum differs from 
Paracoenogonimus species by somewhat smaller holdfast organ and absence of caudal 
process. Prohemistomum metacercariae have been found in silurid, cyprinid and 
perciform fish in North America, Africa, USSR and Asia (F a h m y and S c I * m 
1959, Rai and Pande 1969, Yamaguti 1971 B y k h o vs k a y a * P a v- 
lovskaya and Kulakova 1987). Metacercariae of Paracoenogonimus species 
parasitize cyprinid fish in Europe and USSR including Amur basin (Yamaguti 
1971, Bykhovskaya-Pavlovskaya and Kulakova 1987). 


Family Opisthorchiidae Braun, 1901 
8. Opislhorchis viverrini (Poirier, 1886) 

Description: metacercaria is described and figured in a separate paper by 
Scholz etal. (1991). 

Hoitt and localities: bcabodts gonionolus (1) - 3; Cyclocfeilichthy* repasson (17) * H. 3; 
Hompaia dispar (16) - 3; H macmlcpidotu (3) - 3; Punl'ms brevis (3) - li. It; Puntuis sp. (3) * lc, 11; 

Localization: mutcles 

Comments: sec papers by D i t r i c h ct al. (1990) and Scholz ct al. 
(1991). 
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Family Heterophyidae Odhncr, 1914 


9. Centrocestus formosanus (Nishigori, 1924) Fig. 4 A - D 

Description: cyst oval, thick-walled, measuring 0.18 - 0.24 x 0.14 - 0.20. 
Thickness of outer cyst wall 0.009 - 01)19; inner wall very thin, transparent, visible only 
after releasing of mctacercariac from cyst. Metaccrcariae mostly folded in cyst, C- 
shaped, measuring 0.46 - 0.49 x 0.12 - 0.15. Maximum body width at level of ventral 
sucker, forward body narrowing. Body surface densely covered with short spines, about 
0.002 long, backward smaller and less densely arranged. Oral sucker oval or nearly 
rounded, 0.041 - 0.057 x 0.046 - 0.049 in diameter. Circumoral spines present, arranged 
in two alternating rows of 32 triangular spines. Upper row consists of 16 larger spines 
measuring 0.012 - 0.013 x 0.003 - 0.004 (thickness about 0.002), lower row of 16 smaller 
spines, 0.010 - 0.011 x 0.003 in size (thickness less than 0.002) (Fig. 4 D). Rounded 
ventral sucker, 0.036 - 0.045 x 0.039 - 0.043 in size, situated in posterior body half. 
Prepharynx relatively long (0.055 - 0.057), longer than oesophagus (0.032 - 0.039). 
Pharynx measuring 0.026 - 0.034 x 0.027 - 0.034. Intestine containing numerous 
discoidal bodies, intestinal caeca short, not reaching to level of anterior margin ol 
excretory bladder. Small, weakly visible anlage of ovary localized in front of X - shaped 
excretory bladder, anlagcn of two testes situated laterally to it. 

Host and localities: Esomus longimana (10) - lc, Id. 

Localization: gills. 

Comments: only C. cuspidatus (Looss, 1896), C. armatus (Tanabe, 1922) and C 
formosanus (Nishigori, 1924) are considered to be valid of the Centrocestus specie? 
hitherto described (Chen 1942, P r c m v a t i and Pandc 1974). Thcii 
differential diagnosis has been based mainly on number of circumoral spines: 36 in C 
cuspidatus, 40 - 44 in C. armatus and 30 - 36 (usually 32 - 34) in C. formosanw 
according to the above authors. Specimens from E. longimana fully correspond in spint 
number with the last species. Moreover, other important morphological features sue! 
as length of prepharynx and shape of excretory bladder arc also identical with thcsi 
characters of C formosanus -Chen (1942), Pandc and S h u k 1 a (1972), P s 
c m v a t i and P a n d e (1974) and Yamaguti (1975). 

The species C formosanus is a widespread parasite of fish-eating birds and mammals 
including man. Metaccrcariae encysted in fish, mainly in cyprinid ones, have bcci 
found in China, Taiwan, Japan, Philippines and India (Prcmvali and P a n d « 
1974, Yanohara 1985). P a n d e and S h u k 1 a (1972) found C. formosanu. 
mctacercariae in Esomus danricus in India. Esomus longimana, in which metacercaria« 
from Laos were found, represents a new fish host of C. formosanus. Mctacercariac o 
the genas Centrocestus can cause serious disease or even death of highly infected fisl 
(Papcrna 1964, Yermolenko and Besprozvannykh 1987). 
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Fig. 4 A, B, C, D • Ctmrocistux fomosanus (Niihigon, 1924) (after Scholz et a) 1991), E, F • 
Cryptogonimidae gen sp, G - raetacemma type 1 A, G - exeysted metaccrcana, C, E - encysted 
mcuccrcana, n - oral sucker. D, P • circumoral spues. 


10. Hap [orchis pumilio (Looss, 1896) Fig. 5 F 

Description and comments: sec Scholz etal.(1991). 

Hosts and I o c a 1 1111 c s Eurmus Lwgimana (i) • li, Hampala macrolepidoia (1) - 3 
Localization muscle*. 

11. Haplorchis taichui (Nishigori, 1924) Fig. 5 A, C, D 

Description and comments: sec Scholz el at (1991). 

Host and localities Barboda goruonotus (4) - 2a. 3. Hampala dispar (4) - 2a, 3. H. 
macrolepidoia (2) • 3, M/stacoUvcus marguuuus (8) - 2a. 

Localization muscles 
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Fij 5 A. C, D - liaplorchu tachui (Nishigon, 1924), B. E - Siellantchasmus fakams Onji et Nishio, 
1916. F -11 pumthu (i-ooss, 1896) A - excystcd metacercana, B - vcntrojemial xac. C. D. F - tcknte* of 
venlrv*cn:lal&ac. R-encysted mclaccrrtna (After Sc hoi » et al 1991, modified ) 


12. Siellantchasmus fulcalus Onji et Nishio, 1916 Fig. 5 B, E 

Description and comments: see Scholz et al. (1991). 

Host and locality Xenmiodott cancila (1) - 3. 

Localization fim 

13 Haplorchoides mehrai Pandc et Shukla, 1976 Fig. 6 

Description: cysts oval or nearly rounded, doublc-wallcd, measuring 0 15 - 0.30 
x 0 14 - 0.27. Thickness of cyst walls 0.005 - 0.041. Mctaccrcariac in cyst C- or S-shapcd, 
sometimes not folded, their size 0.29 • 0.77 x 0.10 - 0.25. Body surface covered with 
numerous scale-like spines, posteriorly smaller and less densely arranged. Oral sucker 
oval, measuring 0.026 - 0.062 x 0.034 - 0 075. Vcntrogenital sac containing oval ventral 
sucker measuring 0.017 - 0 046 x 0 017 - 0 0*14 Sucker divided into two parts and armed 
with three groups of serrated (pectinated) sclerites. Anteromedial and posterior groups 
measuring 0 007 - 0.008 x 0 007 - 0.010 consist of 8 - 9 sderites 0.003 - 0.008 long 
Anterolateral group, 0.003 - 0.005 wide, consists of four sclerites 0.004 - 0.006 long 
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Sclerites bolt-shaped in transverse view. Prepharynx very long (0.05 - 0.23) 
considerably longer than oesophagus (length 0.016 - 0.077). Pharynx oval, 0.027 - 0.053 
x 0.019 - 0.050 in size. Intestinal caeca reaching to anterior margin of excretory bladder 
Ovary anlage weakly developed, measuring 0.0015 - 0.020 x 0.025 - 0.035; testis aniage 
measuring 0.027 - 0.114 x 0.024 - 0.103 situated in front of large excretory bladder. 
Anlage of seminal vesicle preovarial, weakly visible. Excretory bladder measuring 0.04! 
- 0.103 x 0.057 - 0.141. Flame cells slightly visible, in groups of two cells; their total 
number estimated to be 10 or more in each body side. 

Hosts sod localities: Barbodes d. fad (1); B.goninnotus (31); B. scbvmnenfeU/u (Of 
Hamjxria itispar (4$); H. macrvUpidota (21); Fundus brevis (1); Punms sp. (2); Puntioplucs proctozysrm (*f 
Myuacoleutus /tuwgirutus (Tfr Cydocheilkhihp repasson (7) . all locality 3; Cyclocheilichihys sp. (1) •» 
Sikukiagudgeri(\)-7b. 



Fig. 6. Uapktrchoides metvai Pande et Shulda, 1976; A - encysted metaccrcaria; B, C - scknK 
veil i ro genital sac. D - ventrogenital sac. E- exeysred mctacercaria. (Arrow indicate the median line eft* 
body) 


Localization: muscles, exceptionally fins. 

Comments: until now, 23 species of the genus Haplorchoides Chen, 1949 to* 
been described. However, only four of them are considered to be valid: type specie H- 
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cabwuiS (tooss, 1896), H. atienuatus (Srivaslava, 1935), H. peanoni Pandc cl Shukla, 
1976 and H. mehrai Pandc el Shukla, 1976 - R a i and Pandc (1968), Pandc 
and Shukla (1976), S h a m c e m and Madhavi (1988). 

The most important diagnostic feature for identification of Haplorchoides species is the 
armature (spination) of ventrogenital sac. By this feature, metacercariae from Laos 
well correspond with the species H. mehrai The correctness of specific identification 
was also confirmed by Prof. J. C. Pearson (pers. comm.). 

H. mehrai adults has hitherto been only recorded in silurid fish from India (Pandc 
and Shukla 1976, S h a m e e ra and Madhavi, 1988). However, among 
slides of Haplorchoides species that we had examined, deposited in the Natural History 
Museum in London, several adult specimens of H. mehrai from the river Chaopraya in 
Thailand and designated as Haplorchoides sp. were found. In addition, one adult of H. 
mehrai has been recorded in Mystus rhe&na from Laos (see Schoiz 1991). 

14. Metacercaria type 1 Fig. 4 G 

Description (after two living specimens): thick-walled cyst oval, 0.37 x 0.29 in 
diameter, containing metacercaria measuring 0.51 - 0.58 x 0.22 - 0.24. Oral sucker oval, 
0.061 - 0.101 x 0.084 - 0.090 in diameter. Widely oval ventral sucker situated at the end 
of anterior body part, measuring 0.046 - 0.077 x 0.065 - 0.088. Prepharynx 0.05 long, 
considerably longer than oesophagus (0.03). Pharynx 0.027 - 0.034 x 0.027 - 0.044 in 
size. Intestinal caeca long, reaching along excretory bladder nearly to posterior end of 
body. Excretory bladder sac-shaped, anteriorly reaching very far between intestinal 
caeca, containing a great number of oval excretory granules. 

Host and locality: Trichoptu sp. (1) - li. 

Localization: muscles 

* 

Comments: by some morphological features, specimens from Laos closely 
resemble „mctacercaria type 3” found by Moravec (1977) in Tilapia ziUi from 
Egypt. Moreover, hosts of both types of metacercariae are pcrciform fish. 
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TROfHIC DYNAMICS AND GROSS MORFHOLOGY OF TOE AliMENTARY TRACT IN 
NEOMACHEILUS RUPICOLA (OSTEJCHTHYES, COBmDAK) FROM HIGH ALTITUDE FLUVIAL 

SYSTOM OF CENTRAL HIMALAYAS 

Rsmcsh C. SKARMA 

Department of Zoology. University or Garfcwal, Srinagar (Garhwal) 246 174. U. P., India 

Abstract. Trophic spectrum of fish diet and percentage consumption of the animal food, plan: 
food, and sand and detritus (69.6/8.2/22.2) is indicative that Seomochtiha rupicolQ (McClelland) inhabiting 
high altitude tributaries if the Upper Ganges of Central Himalayas is an euryphagic canu-omntvortxtt 
bottom feeder. The alimentary tract ia short and the stomach consist of a corpus and a pylorus portion. The 
feeding intensity attains two peaks m a year, first in May and second in December. TV variation in fdtdinj 
intensity appear to be correlated mainly with the condition of the gonads vis-a-vix availability of food iterrn 
in nature. A pronounced quantitative variation in the feeding intensity of two sexes has been observed, 
however, qualitative variation is not well marked. It is observed that the females feed moor voraciously thaa 
males. 

INTRODUCTION 

Neomacheilus rupicola (McClelland) occurring in high altitude shallow tributaries of 
ihc Upper Ganges of Central Himalayas (India), which is locally known as ..Gadiyal", 
is an important palatable fish of the poor people. The present contribution deals with 
the gross morphology of its alimentary tract and seasonal variations ia food and feeding 
intensity. 

While considerable work has been done on the seasonal variation in food and 
feeding habits of freshwater teleost fishes by Kapoor (1953), P i 11 a y (1953), 
M o i t r a (1956), Das and M o i t r a (1958), Khanna and Pant (1964), 
Agarwal and Tyagi (1969), R eif fell and T ra vil 1 (I978)and Rita 
K u m a r i and N a i r (1979), etc. However, very little information is available on 
this aspect of high altitude stream fishes except that of J y o t i and Malhora 
(1975), Soravanshi and B a p a t (1979), Shaima (1983), Singh and 
Bahuguna (1983), Sharma (1984a, 1987a, 1987b). 


MATERIAL AND METHODS 

The fish (NocnacMIur mpieoia), locally known ax ..Gadiyal”, collected weekly from the tributarie* of 
the upper Ganges of Central Himalayas, were brought to the laboratory. The Toul length and weight of tbe 
fishes were determined. The stomach of each fish was removed and the condition of the gonad was noted. 
The weight of the rood was noted by calculating the difference in the weight of the stomach with and 
without content!. The gnstro-xomatic indices (GSI) were calculated ax follow? - 


146 



Weight of stomach content* 

GSI " Weight of fkh 1100 

For tbe qualitative studies of food, the stomach content* were preserved in 5% formalin for subsequent 
studies. The preserved food contest* were mounted on slides in Reyne's mountant (Chloral hydrate 50 g. 
water 58 ml, glycerine 125 ml and gum arabica 30 f) Then each food item was observed under the 
stereoscopic microscope. In order to find out Ihe volumetric contribution of each food Item, volume 
displacement technique to measure item* > 0.05 cm 3 and a squash technique to measure volume of food 
items < 0.05 cm J were followed (Shirni 1987b). Ihc various food items were identified up to lowest 
possible taxon. 

The relative length of the gut (R1.G) was calculated by dividing the length of the gut by the total length 
of the fish. For the study or alimentary tract, the abdomen of the fish was opened and the alimentary tract 
from the oesophagus to rectum carefully removed, lised and studied. 

RESULTS 

Gross morphology of lhe alimentary tract 
The alimentary tract of Noemacheilus rupicola is shorter than* its body length. The 
oesophagus which opens into the stomach is narrow and short. The stomach consists of 
a large corpus and a small pylorus. The proximal part of the intestine, into which the 
bile duct opens, is looped. The rest of the part (distal) of the intestine is almost straight 

(F»g-1)- 



Fig. 1. Alimentary tract of N. rupicola: OES - oesophagus, STO - stomach, GB - gall-blsder, I NT - 
intestine, REC - rectum. 

Fig. 3. Average annual diet composition of N. rupicola. 
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T«Me 1. Monthly variation in the volumetric contribution of major food item in the pd contend 
Noemacbeilus wpicot* (McClelland) 


Food itemi 


Mod (ha 

Green nutrer Diatom* I meets and Crustacea ns and Protozoans Other food*' Sand ani 



% 

% 

thekr larvae 

% 

their larvae 

% 

and rotifers 

% 

% 

detritus 

% 

/aa 

tos 

4.5 

40 S 

203 

123 

3.0 

85 

Fab. 

9S 

3.0 

US 

210 

73 

33 

10.0 

Mar. 

7.0 

- 

52.0 

24.0 

IS 

. 

83 

Apr. 

4.0 

- 

513 

233 

63 

1.0 

135 

May 

SJ 

IS 

343 

26.0 

6.0 

43 

21.0 

ion. 

73 

1.0 

283 

283 

4.0 

13 

29.0 

M 

25 

- 

19.0 

363 

- 

4.0 

38.0 

Au* 

3.0 

- 

203 

34.0 

- 

13 

41.0 

Sep. 

6.0 

- 

27.0 

29.0 

33 

23 

32.0 

Oct. 

7.0 

OS 

3 2.0 

253 

7.0 

1.0 

27.0 

New. 

9.0 

1 s 

363 

210 

8.0 

13 

215 

Dec. 

11-0 

is 

41.0 

183 

1U» 

- 

16.0 

Mean (X) 

6.9 

13 

35.6 

253 

61 

10 

212 


t ' 1 Other food includes pieces of molluscan shells, fish parts, and nematodes 



Pig. 1 Monthly percentage composition of different food item* in Af. rupKoMi for year 1980. 
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Trophic dynamics 


A detailed seasonal qualitative analysis of gut contents of N. rupicola has revealej 
that the fish feeds on green matter (algae, etc.) diatoms, insects and their larvae, 
crustaceans and their larvae, protozoans and rotifers, and other food including pieces 
of raolluscan shells, nematodes and fish parts. The insects and their larvae occupied top 
position (x = 35.6%) in the composition of stomach contents, whereas crustaceans 
and tbeir larvae (x - 25.8) and green matter (x = 6.9%) Tank next tn order of their 
percentage occurrence (Fig. 2, Table 1). The percentage com position of animal food, 
plant food, and sand and detritus which were recorded to be x * 69.6%, if - 8.2% 
and x = 22.2% respectively (Fig. 3) showed that the fish was curyphagic 
camiomnivorous. 

Qualitatively, much difference has not been observed in the food contents of male 
and female fishes. However, male and female fish do differ in the quantity of food they 
lake during different months of the year. 

Qualitative trophic dynamics 

Qualitatively the diet of the Noemacheilus rupicola consists of the following food 
items (Table 1). 

(a) Green matter: A look at Table 1, Fig. 2 reveals that the green matter was 
found in the stomach contents throughout the year and ranged from 2.5 to 11.0%. The 
maximum percentage of this green food has been recorded in December, while 
minimum (2.5 to 3.0%) during monsoon months (July - August). The green mailer of 
the gut comprised of fragments and filaments of algae {Hydrodictyon, Microspora , 
Spirogyra, Ulothrix, Schizogonium and Cladophora). 

(b) Diatoms: These constitute a feeble 1.3% of annual food intake by the fish. 
Diatoma, Naiicula, Pinnularia and Synedra are the diatoms which were observed in the 
diet of the fish. 

(c) Insects and their larvae: The nymphs, larvae and parts of the adult 
insects form the major bulk of the fish food and is a consistent food item reaches its 
peak (51.5%) in April while minimum (19.0%) in July (Table 1). The insect food 
comprised of the larvae and nymphs of Dinutes, He loch ares, Paracymus, Potarnonecus, 
Siemolophus. E/istalis, Daeiis, Gems, Heleocoris, Micronecta. Sympetmm, Isoper/o, 
Perla and Hydropsyche - 

(d) Crustaceans and their larvae: The second important food item of 
the fish consisted of crustaceans and their larvae, which were met within fairly marked 
quantities in the gut contents. The important crustaceans and their larvae identified 
during the course of qualitative analyses were Cyclops, Cypris, Duphniu, and 
Diapiomus. 

(e) Protozoans and rotifers: These food items were present round the 
year except in monsoon months (July - August) in the gut con teats of the fish. The 
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Fig. 4. Seasonal variations in GS1 of both the sexes of N. rupicola. 

maximu m percentage of protozoans and rotifers were recorded in the month ol 
January (12J%). The protozoans, Voivax, and Zoolhamnum and (he rotifers, 
Brachionus, Philodina and Mytilina contributed as fish food. 

(f) Other food: Besides the above food items, pieces nf molluscan shells, fish 
parts and nematodes were also observed in the gut contents contributing only 2.0% ol 
the annual food (Fig. 3). The important nematodes were Aphelenchoides, Micmlourua 
and Chronogasler. 

(g) Sand and detritus: Sand and detritus were met within the stnmsdi 
contents almost all the year round and range from a minimum of 8.5% to a maximum 
of 41.0% (Table 1). 


Quantitative trophic dynamics 
The study of gastrosomaric index (GSI) of N. rupicola reveals that in both male and 
female fishes (Tabel 2, Fig. 4), the feeding intensity attains two peaks during the course 
of a year. The first peak was observed in May and then the second in December. 
Correspondingly two falls have also been recorded, once during January and the again 
in July - August. 


Relative length of (he gut 

The relative length of the gut (RLG) varied from 0.628 ± 0.0078 to 0.871 ± 0.0154 
depending on the size of the fish (Table 2). 


150 





Table 2. Monthly vamliof* in the valuer of GSI nad RLG in N. rupicpta (McClelland) 


Males _ Female* _ Male* ind Females __ 

Month No. oT fishes GSJ mean ± SD No. of fishes GSI mean ± SD NO. of fishes RI-G mean ± SD 



examined 


examined 


examined 


Jan. 

18 

0.413 ± 0.0057 

19 

0.726 ±.0113 

21 

0.871 t 0.0154 

Feb. 

n 

0.474 ± 0.0068 

23 

0163 *.0154 

26 

0.728 ± 0.0103 

Mai. 

19 • 

0-6SI ± 0.0123 

21 

1-281 *.0245 

19 

0.686 ± 0.0098 

Apr. 

26 

1.205 ± 0.0277 

28 

1320 ±.0425 

20 

0.710 ± 0.0146 

May 

27 

1.986 ± 0.0124 

22 

2.187 ± 0905 

24 

0.304 ± 0.0168 

Jun. 

17 

i.743 ± 0.046ft 

21 

1.726 ±.0489 

26 

0814 t 0.0143 

Jul. 

18 

1.038 t 0.0261 

20 

1223 ± 0246 

19 

0302 ± 0.0139 

Aur. 

20 

0.909 ± 0.0105 

16 

0.975 ± 0276 

18 

0.725 ± 0.0095 

Sep. 

24 

0-986 ± 0.0121 

27 

1.412 ±.0310 

21 

0 628 ± 0 007B 

Oct. 

28 

1.431 ± 0.0352 

22 

1AM ±.0396 

23 

0.706 ± 0.0086 

Nov. 

19 

1.436 ± 0.0346 

18 

2.008 x .0761 

24 

0.715 ± 0.0089 

Dec. 

22 

2.128 ± 0.0926 

23 

1268 ± -1055 

20 

0.794 ± 0.0107 


DISCUSSION 

Nikolsky (3963) classified the food of a fish into bask food, secondary food, 
incidental food and obligatory food. The basic food of N. rupicola was observed as 
green matter (algae), insects and their larvae, and crustaceans and their larvae, which 
formed the major bulk of the gut contents. Diatoms, protozoans and rotifers 
contributed as secondary food. Besides the above food items, parts of fish body and 
pieces of moUuscan shells were observed incidentally in the gut contents. On the basis 
of diet composition of the Fish it may be inferred that N. rupicola is a euryphagic 
(having wide range of diversity in fish diet) omnivorous. As it consumes more animal 
food (69.6%) than the plant food (8.2%), it may be better called a euryphagic carni- 
omnwoie, which is in conformity with the view of Singh and Bahuguna 
(1983) on an allied species, N. monianus (McClelland). According to K h a n n a and 
Pant (1964) A', rupicola is an inseclivore, feeding exclusively on insects and 
crustaceans. Such an inference is perhaps based on the fact that the insects and 
crustaceans dominate (69.6%) in the trophic composition of the fish. J y o \ i and M 
a 1 h o t r a (1975) have opined that M kashmirensix Hora is a herbi-omnivore. 
Ritakumari and Nair (1979) have reported that N. triangularis Day is an 
insectivorous. Inlraspccific variations in the food constituents under varying ecological 
conditions are already known (Moilra, J956), in view of which the differences in 
the feeding of N. rupicola (McClelland), K monianus (McClelland), N. kashmirensis 
Hora and N. triangularis Day seem to be understandable. 

Das and P a t h a n i (1978) have pointed out that the position of bile duct is an 
important criterion in deciding whether the fish has >I intcstinall bulb’' or stomach and 
also the food of the fish. They observed that in T. pulilora (omnivore), the opening of 
the bile duct is at 1/3 length posteriorly from the junction of oesophagus and 






Jntestinal bulb”. But with more and more carnivorous diet the bile duct open** * 
shifted towards the end of the sac (stomach). The present observation on N. rupke* 
also supports the view of D a s and Pathani (1978). The presence of sand ^ 
detritus in appreciable quantities is an indication that N. rupicola is a bottom feeder. 

The feeding intensity attained two peaks during a year, first in the month of Mayaoi 
second in December (Fig. 4). This change in feeding intensity appears to be correlated 
with the condition of the gonads vis a vis availability of food items in nature. The fir* 1 
peak in the month of May, when fish feeds voraciously, may be due to the fact that ik 
fish gonads are under the process of growth and maturation during this period, fl® 
inference confirms the views of Malhotra (1967) reported in case of an illi^ 
form Botin birdi Chaudhary. The second peak in the month of December and the ^ 
trend in feeding intensity in the monsoon months (July - August) may be ^ 
correlated with the availability of an ample amount of fish food in the mode of 
December and the severe scarcity of food during monsoon months in the high akin# 
tributaries of the Upper Ganges of Central Himalayas (Sharma 1984b). How* 1 ' 
an interesting fact emerges from the comparison of GSI of two sexes (Table 2, Fi 4 ) 
that the females are relatively more voracious feeders than the males. 

The RLG values of .V. rupicola varied from 0.628 ± 0.0078 to 0.871 ± 0.015*. As 
the fish is a carni-omnivorous, the length of its gut is shorter than its body length. Tte 
observation supports the view of Verighina and M e d a n i (1968). fa 
monthly variation in the RLG of the fish (Table 2) can also be correlated with d* 
conditions of food supply, amount of indigestible matter, season and age (Kapooi 
Smit and Verighina 1975). 


SUMMARY 

iV. rupicola (McClelland) feeds on a wide varieties of food, which shows that thc^ 
is a versatile feeder utilizing favoured food when they are available and changes |fl 
other when occasion demands. However, relatively favours to feed on nymphal or laiwf 
stages of insects, crustaceans and their larvae, protozoans and rotifers and algal 
mailer available in the high altitude fluvial system of Central Himalayas. 

The fish feeds voraciously during postspawning period to regain the weight 
during spawning. This feeding activity is enhanced when food is available in 
amount in fish habitats. The fishes ceases to feed or abstain from active feeding during 
the period of spawning. Considerable sexual variation in the feeding intensity of i* 1 ' 
sexes of the species has been observed, as the female Fish feeds more voraciously l^° 
males. 

The alimentary tract is short and the stomach consists of a corpus and pylcr# 
portion, which indicates that the fish thrives more on carnivorous diet (69.6%). 
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On April 16, 1990 pasted away at the age of 80 Jaroalav Kramif, an eminent Czechoslovak zoologist and 
parasitologist, professor at Charles University, Prague. 

Jaroslav Knmtf was bom on April 11, 1910 in Velk* Hamry (District Jabloncc n. Nisou, 
Czechoslovakia). He obtained his education successrvely at the Pedagogical Institute in JiWn (1925 - 1929) 
and later as external student of biology and geography at the Faculty of Science, Charles University in 
Prague. His university studies were, however, interrupted during the 2nd World War when Czech 
universities were closed as result of German occupation. After the war he graduated in 1948 by submitting a 
thesis entitled .Vital Staining and Fluorescence of Larvae of Some Diptera". 

The scientific career of Professor Kramkf was marked by two landmarks: his deep involvement in 
teaching and his love of biology. He began to teach right after finishing the above mentioned Pedagogical 
Institute in 1929 and continued teaching at primary and secondary schools while enrolled at the University. 
His deep interest in biology, especially entomology (he became member of the Czechoslovak entomological 
Society already in 1926 at the age of 16) and his pedagogical abilities became interwoven in 1951 when he 
became assistant of the late professor E. Bartoi (who himself was an eminent zoologist) at the Zoological 
Institute of the Pedagogical Faculty, Charles University. 
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A very decisive Hep in ihe professional life of Dr. KramSI presented the obtaining by him in 1951 of thd 
position of senior assistant in the Department or Parasitology, Faculty of Science, thartea University 
headed at that time by the founder of Czechoslovak parasitology, professor Otto Jfravec. later, in 1954. Dr 
JCrarnil was named assistant professor and in 1963 fun professor ar the lira Department. Since 1953 up tc 
1978 he headed the Department of Parasitology aad Hydrobiology. 

The scientific work of professor Kramif was originally oriented to the study of parasitic Diptera, 
especially mosquitoes. His PhD thesis (1957) ^Mosquitoes biting man and animals’ 1 published ia Ujc acnea 
..Fauna of Czechoslovak*" (Fauna (SK) summarized his contribution to medical and veterinary 
dipterology. 

Around 1960 professor Knmif turned his attention to the immunofluorescence which at that time was a 
novel method in parasitology. His work in this area was truly pioneering taking into account the material 
and technical difficulties involved in the introduction of the method into this country at that time, lie 
experience of prof. Krarokf with immunofluoreaccnce was summarized in his thesis „The application of 
immunofluorescence in the diagnostics of toxoplasmosis" submitted in 1966 for the obtcniion of Ihe 
„ Doctor of Science" (DrSc) degree. Certaily the widespread use of immunofluorescence In the diagnostics 
of parasitic disease* in this country resulted from the initiative of prof. Kramif. 

Professor Kr*m4? published more than 50 scientific papers besides come publications oriented to the 
popularization of science. He was also the co-author erf several textbooks of parasitology and zoology. Here, 
especially the Jbovcc's „Mcdical, parasitology" (Parasitologic pro llkafc) and its German edition 
„Parasitologje fur Artzte" should be mentioned as well as his continuing effort for the improvement of the 
quality of textbooks for high schools. 

Professor Kramtit inspired his knowledge and kwe for biology and parasitology in many of hi* students. 
He contributed to their professional careers as well by his work in the Advisory Board for Parasitology at 
the Ministry of Health where he insisted that parasitological laboratories in this country should be staffed 
by high quality professionals having biology and parasitology as background. 

Profesor's Kramif students and friends anil always remember him as a great personality combining love 
of biology and nature with hard work and modesty. His life which was so deeply devoted to teaching am! 
research is the inspiration for his students and whole community of parasitologists ia this country. 
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REVIEWS 


George A. and Anthony B. B u b e n i k (Editor*): flonn Pronghorns and Anders - /TwdunoJ 
Morphology, Physiology and Social significance. 562 pp, 204 illustrations, Springer-Verfag. New York, BerliJ 
Heidelberg, London, Farit,Tokyo, Hong Kong. 

Anllcre and horn* have been attracting the attection of man advx primeval lime*. Special significant, 
has been atirihuted to them in culture, medicine and religion throughout human history. On ibe olhe 
hand, these strange, remarkable morphological structure* have had and extremely important part in ih< 
evolution of mammals. Conspicuous is the diversity of shapes and Sixes of horns and antlers whose inn 
significance and the rules or their development sad formation were • mywery for a long lime. Front tht 
biological point of view, neither horns nor antlers received the attention that was due to them considerin| 
their evolutionary and social importance. One of the editors of this book, the Czech biologist Dr A. B 
Bubenik hat devoted practically all his life to research do the evolution and physiology of antlers and horm 
and, moreover, he has been fortunate in finding an equally enthusiastic colleague in hia son who has addec 
much to his pioneer work. I should like to point this out before assessing this unique book, live editon 
have not confined themselves to their own results and rich experience, and invited seventeen other Ieadin| 
specialists to collaborate on the fundamental monograph. 

The book is divided into two parts; the first deals with the morphology of horns and antlers, theii 
evolution and the physiology' of antler and pronghorn cycles. The described ethologies! experiments are 
extremely interesting by their originality and by revealing important sociological aspects of the cervid life 
The relation of reproductive and feeding strategies to Ihe evolution of horns and antlers is examined in this 
connection. This subchapter also includes the taxonomy and descriptions of morphological characters of the 
families of homed and anrlercd ruminants: Muntiacidac, Ccividae, (JiralTidac and Bovxdsc. 

Physiologicul, ontogenetic, genetic and sociological questions are treated in detail in the second pari 
consisting of 13 chapters. The firfi in about the unique American species Antilocapra ameticana, its 
phylogenetic relationships to the other ruminants, and hs pronghorns which are unique among recent 
ruminants and whose development is unique loo. Principal chapters are those on Ihe nervous and humoral 
regulation of the antler cycle. In addition (O providing basic data, these Chapters Contain important surveys 
of experimental methods concerning handling, induction of the growth of antler*, their regeneration and 
the embryonic development of centres. Naturally, the growth of antlers is discussed in relation to the 
reproductive cycle and thus to external environmental factors, and there is also a chapter on the influence 
cf fond and nutrition on the development of antler*. Very important is a chapter on the genetic variability 
of antler development, and another examining the role of these morphological characters, involving social 
hierarchy, in the cervid social life. 

Owing to the high level of treatment of the subject and the extensive bibliography the book has all the 
features of a groundwork for further systematic research on the evolution, physiology and sociology of 
hams and antlers. I recommend it to all students of these questions, as they will find in k a summary of our 
present knowledge as well a* many stimuli for further investigations, among other* into the possibility of 
using antler* and their cycle in biomedical research. The editors and Springer publisher* certainly deserve 
our thanks (or a substantial contribution to zoological and biological literature. 

Z Veselovsky 

Schmidt, G. D., Roberts, L. S.: Foundations of parasiutiogy. Fourth Edition. St. Louis, Toronto, 
Los Altos, Times Mirror/Mosby College Publishing 1989. 7S0 pp. Price 51.00 USD. 

As explained in its preface, in preparing this book the authors have exploited countless of facts from 
hundreds of journals, reviews and books. The contents of the publication consists of 41 chaptcn. Chapters 1 
> 3 are concerned with principal definitions. Parasitic organisms are classified according to schemes of 
zoological systems. Chapter* 4-21 provide tnfonaaticiti on parasitic protozoan*. Biological properties are 
characterized together with an overview of the classification of phyla of protozoans in order* or suborders, 
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acwjplin* to the scheme of Levine ct al. (1980). Chapter 12 Inform* about parasitic animal* ofptjfti* 
Metazoa. Chapter! 13-13 give an outline of parasitic worm* (helminth*). The author* propose i*non 
modification of classification scheme, which they consider to be practical and universally Bndenbriafck 
Chapten 34-41 deal with ihc phylum Anhropoda (somct-mei subphylum). In the dua of ietto. tfc 
classification scheme of pterygote* & given according to Richard* and D »v ici (W3j ac 
/arachnids according to Savory (1977). The conclusion is comprised of a glossary of teres tiro 
parasitology and bordering fields (pathology, immunology) 

This comprehensive publication, matured in four successful editions, ranks among the foremost kjb* 
zed manuals of pa Tautology, it include* beside* medical and veterinary aspect* also biological ot« TV 
innovation concerned nol only new piece of knowledge, but also the illustrations. Photographs dveuart 
not only parasite* and their intermediary hosts, bur also ecological views, hisrologjcal section irf 
pathological changes, stenosans. etc. Eight lull-page colour tables are devoted to malarial phumoda B A 
chapter is concluded by aa exhaustive review' of references, sometime* listing over 100 quotation T* 
amount of information brought in by the two authors usually requires dozens of CollabOnka u 
publication* of similar extent. The book represents an outstanding aid for undergraduate and postgfthsts 
students in medical, veterinary and biological course*. 
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